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Sir: 

Applicants respectfully request entry of the following amendments prior to 
examination on the merits pursuant to 37 C.F.R. §1.115(b)(2)(iii). Applicants enclose herewith 
an English translation of the international application pursuant to 37 C.F.R. § 1.495(c)(1). 
Applicants also enclose a Substitute Sequence Listing in paper and electronic form, a Combined 
Declaration and Power of Attorney, and an Assignment and enclose the fees required pursuant to 
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37 C.F.R. § 1.121(h). The fees required pursuant to 37 C.F.R. §1.1 6(e) and 37 C.F.R. § 1.492(f) 
have been submitted previously. 



IN THE SPECIFICATION 

Please delete the Sequence Listing presently of record and substitute, therefor, the 
attached Substitute Sequence Listing. 

Please amend the paragraph beginning on page 4, line 14 (of the English 
translation) and ending on page 4, line 18 with the following rewritten paragraph: 

Description of the Sequence Listing 

SEQ ID NO:l: SGS3 gene of Arabidopsis thaliana . 

SEQ ID NO:2: cDNA of the SGS3 gene of Arabidopsis thaliana. 

SEQ ID NO:3: SGS3 polypeptide of Arabidopsis thaliana. 

SEQ ID NO:4: Primer p356AD'. 

SEQ ID NO:5: Primer p356Y'. 

Please amend the paragraph beginning on page 47, line 1 (of the English 
translation) and ending on page 47, line 22 with the following rewritten paragraph: 

The DNA sequence which was inserted at the BamHI site 
of the pBin+ plasmid and which had led to the isolation of the 
bacterial strain 356 was determined. Subclones of the 356 clone 
were produced in the pBin+ vector and the same sgs3-2 2a3 line 
was transformed with these subclones in order to determine those 
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capable of restoring the function of the SGS3 gene. The 
smallest subclone capable of restoring this function constitutes 
the SGS3 gene such as it is described in this disclosure. it 
was possible to predict the ORF of SGS3 by computer analysis. 
The sequence of the cDNA containing the ORF of the SGS3 gene, 
and therefore the position of the promoter, terminator and 
intronic sequences of SGS3 , were verified after having isolated 
and cloned this sequence. In order to isolate, we first 
performed a reverse transcription reaction using Arabidopsis 

tha liana total RNA. We then performed a PCR reaction on this 
pool of cDNA using the pair of primers p3 56AD' 

(AAAATGAGTTCTAGGGCTGGTCC; SEQ ID NO : 4 ) and p3 5 6Y' 

(GTCTCAATCATCTTCATTGTGAAGGCC; SEQ ID NO : 5 ) . These primers are 
located at the 2 ends of the ORF of SGS3 . This PCR product was 
cloned and sequenced. 

IN THE CLAIMS 

Please cancel claims 1-22. 

Please add the following new claims: 

23. (NEW) An isolated nucleic acid comprising a nucleotide 
sequence having at least 80% homology to a reference 
nucleotide sequence wherein the reference sequence is selected 
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from the group consisting of nucleotides 1-695 of SEQ ID NO : 1 , 
SEQ ID NO:l, SEQ ID NO : 2 , and the complements thereof. 

24. (NEW) The isolated nucleic acid of claim 23 wherein said 
nucleotide sequence is at least 90% homologous to the 
reference sequence . 

25. (NEW) The isolated nucleic acid of claim 24 wherein said 
nucleotide sequence is at least 95% homologous to the 
reference sequence . 

26. (NEW) The isolated nucleic acid of claim 25 wherein said 
nucleotide sequence is at least 98% homologous to the 
reference sequence . 

27. (NEW) The isolated nucleic acid of claim 26 wherein said 
nucleotide sequence is at least 99% homologous to the 
reference sequence . 

28. (NEW) The isolated nucleic acid of claim 23 wherein said 
reference sequence is nucleotides 1-695 of SEQ ID NO : 1 . 

29. (NEW) The isolated nucleic acid of claim 23 wherein said 
reference sequence is selected from the group consisting of 
SEQ ID N0:1 and SEQ ID NO : 2 . 
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30. (NEW) The isolated nucleic acid of claim 28 wherein said 
nucleic acid has promoter activity in a plant cell or a plant. 

31. (NEW) An isolated nucleic acid comprising a nucleotide 
sequence having nucleotides 1-695 of SEQ ID NO : 1 . 

32. (NEW) An isolated nucleic acid comprising a nucleotide 
sequence selected from the group consisting of SEQ ID NO : 1 and 
SEQ ID NO : 2 . 

33. (NEW) The isolated nucleic acid of claim 32 wherein said 
nucleotide sequence is SEQ ID NO : 1 . 

34. (NEW) The isolated nucleic acid of claim 32 wherein said 
nucleotide sequence is SEQ ID NO : 2 . 

35. (NEW) The isolated nucleic acid of claim 29 wherein said 
nucleic acid restores an sgs3 mutant of Arabidopsis thaliana, 

36. (NEW) An isolated polypeptide comprising an amino acid 
sequence having at least 80% homology to SEQ ID NO : 3 . 

37. (NEW) The isolated polypeptide of claim 36 wherein said amino 
acid sequence is at least 90% homologous to SEQ ID NO : 3 . 

38. (NEW) The isolated polypeptide of claim 37 wherein said amino 
acid sequence is at least 95% homologous to SEQ ID NO : 3 . 
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39. (NEW) The isolated polypeptide of claim 38 wherein said amino 
acid sequence is at least 98% homologous to SEQ ID NO : 3 . 

40. (NEW) The isolated polypeptide of claim 39 wherein said amino 
acid sequence is at least 99% homologous to SEQ ID NO : 3 . 

41. (NEW) The isolated polypeptide of claim 36 wherein said 
polypeptide restores an sgs3 mutant or Arabidopsis thaliana. . 

42. (NEW) An isolated polypeptide comprising an amino acid 
sequence of SEQ ID NO : 3 . 

43. (NEW) An isolated polypeptide comprising a fragment of a 
polypeptide having an amino acid sequence of SEQ ID NO : 3 
wherein said fragement has biological activity in a plant or 
plant cell. 

44. (NEW) An expression cassette comprising: 

a plant promoter ; 

a nucleic acid comprising a nucleotide sequence that is 
at least 8 0% homologous to SEQ ID NO : 2 ; and 

a plant terminator, 
wherein said plant promoter is operably linked to said nucleic 
acid, and wherein said terminator is operably linked to said 
nucleic acid. 
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45. (NEW) An expression cassette comprising: 

a plant promoter; 

a nucleic acid comprising a nucleotide sequence that is 
at least 80% homologous to the complement of a 
nucleotide sequence selected from the group consisting 
of SEQ ID NO:l and SEQ ID NO : 2 ; and 
a plant terminator, 
wherein said plant promoter is operably linked to said nucleic 
acid, and wherein said terminator is operably linked to said 
nucleic acid. 

46. (NEW) An expression cassette comprising: 

a plant promoter having a nucleotide sequence that is at 
least 80% homologous to nucleotides 1-695 of SEQ ID 
NO: 1, 

a nucleic acid encoding a heterologous polypeptide, and 

a plant terminator, 
wherein said plant promoter is operably linked to said nucleic 
acid, and wherein said terminator is operably linked to said 
nucleic acid. 

47. (NEW) An expression vector or transformation vector 
comprising a nucleic acid of claim 23, 28, or 29 or an 
expression cassette of claim 44, 45, or 46. 
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48. (NEW) A process for transforming a host organism comprising 
contacting the host organism with either a nucleic acid of 
claim 23, 28, or 29 or an expression cassette of claim 44, 45, 
or 46 . 

49. (NEW) A process for expressing a heterologous gene in a host 
organism comprising 

contacting a host organism, comprising a heterologous gene, 
with an expression cassette comprising: 
a plant promoter ; 

a nucleic acid comprising a nucleotide sequence that 
is at least 80% homologous to the complement of a 
nucleotide sequence selected from the group 
consisting of SEQ ID NO : 1 and SEQ ID NO : 2 ; and 

a plant terminator. 

50. (NEW) A process for expressing a heterologous gene in a host 
organism comprising contacting a host organism which comprises 
a heterologous gene, with a polypeptide comprising an amino 
acid sequence that is at least 80% homologous to SEQ ID NO : 3 . 

51. (NEW) A transformed host organism comprising at least one 
nucleic acid of claim 23, 28, or 29 or an expression cassette 
of claim 44, 45, or 46. 
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52. (NEW) An isolated nucleic acid that selectively hybridizes to 
a nucleic acid having a nucleotide sequence selected from the 
group consisting of nucleotides 1-695 of SEQ ID NO : 1 , SEQ ID 
NO:l, SEQ ID NO : 2 , and the complements thereof. 
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REMARKS 

Applicants respectfully request entry of the following amendments prior to 
examination on the merits pursuant to 37 C.F.R. §1.1 1 5(b)(2)(iii). Applicants enclose herewith 
an English translation of the international application pursuant to 37 C.F.R. §1. 495(c)(1). 
Applicants also enclose a Substitute Sequence Listing in paper and electronic form, a Combined 
Declaration and Power of Attorney, and an Assignment together with the fees required pursuant 
to 37 C.F.R. §1.21(h). The fees required pursuant to 37 C.F.R. §1. 16(e) and 37 C.F.R. §1.492(f) 
have been submitted previously. 

Claims 1-22 are pending. Claims 1-22 have been cancelled and new claims 23-52 
have been added. Applicants assert that the new claims are fully supported by the application as 
orginally filed and, therefore, do not constitute new matter. Specifically, claims 23-52 are 
supported by, inter alia, original claims 1-22. 

Rewritten paragraphs appear in the preceding "IN THE SPECIFICATION" 
section. Attached hereto is a marked-up version of the changes made to the specification 
paragraphs by the instant amendment captioned " VERSION WITH MARKINGS TO SHOW 
CHANGES MADE " and is included pursuant to 37 C.F.R. §1.121(c)(ii). Should any 
discrepancies be discovered, the version presented in the preceding "IN THE SPECIFICATION" 
section shall take precedence. 

A sequence listing in computer readable form has not previously been filed in this 
application. Nevertheless, both the electronic and paper sequence listing attached hereto are 
identified as "Substitute Sequence Listing." 
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^ I hereby state that the content of the paper and computer readable copies of the 

\ Substitute Sequence Listing submitted in accordance with 37 C.F.R. §1.82 1(c) and (e), are the 

same. I hereby state that the content of the paper and computer readable copies of the Substitute 

Sequence Listing, submitted in accordance with 37 C.F.R. §1. 821(g), herein does not include 

new matter. 

The Commissioner is hereby authorized to charge any fees due with this 
submission not otherwise enclosed herewith to Deposit Account No. 02-4377. Please credit any 
overpayment of fees associated with this filing to the above-identified deposit account. A 
duplicate of this page is enclosed. 

Respectfully submitted, 

April 11,2002 



Enclosures 

04/24/2002 HALIli 00000027 10030629 
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Louis S. Sorell 

PTO Reg. No. 32,439 



Alicia A. Russo 
PTO Reg. No. 46,192 
Attorneys for Applicant 

BAKER BOTTS, L.L.P. 
30Rockefeller Plaza 
New York, NY 10112 
(212) 408-2500 
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\ VERSION WITH MARKINGS TO SHOW CHANGES MADE 

* This marked-up version was prepared with DeltaView software (v2.5.163). In 

this section, added text is marked with double underlining, e.g. added text , and deleted text is 
marked by a single strikethrough, e.g. deleted text . 



IN THE SPECIFICATION 

The paragraph beginning on page 4, line 14 (of the English translation) and 
ending on page 4, line 18 has been amended as follows: 

Description of the Sequence Listing 

SEQ ID No . NO : 1 : SGS3 gene of Arabidopsis thaliana^ 

SEQ ID No. NO : 2 : cDNA of the SGS3 gene of Arabidopsis thaliana^ 

SEQ ID No . NO : 3 : SGS3 polypeptide of Arabidopsis thaliana_^ 

SEQ ID NO: 4: Primer p356AD'. 

SEQ ID NO:5: Primer p356Y'. 



The paragraph beginning on page 47, line 1 (of the English translation) and 
ending on page 47, line 22 has been amended as follows: 

The DNA sequence which was inserted at the BamHI site 
of the pBin+ plasmid and which had led to the isolation of the 
bacterial strain 356 was determined. Subclones of the 356 clone 
were produced in the pBin+ vector and the same sgs3~2 2a3 line 
was transformed with these subclones in order to determine those 
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\ capable of restoring the function of the SGS3 gene. The 
,\ smallest subclone capable of restoring this function constitutes 
the SGS3 gene such as it is described in this patcnt disclosure . 
It was possible to predict the ORF of SGS3 by computer analysis. 
The sequence of the cDNA containing the ORF of the SGS3 gene, 
and therefore the position of the promoter, terminator and 
intronic sequences of SGS3 , were verified after having isolated 
and cloned this sequence. In order to isolate, we first 
performed a reverse transcription reaction using Arabidopsis 
tha.lia.na. total RNA. We then performed a PCR reaction on this 
pool of cDNA using the pair of primers p356AD' 
(AAAATGAGTTCTAGGGCTGGTCC ; SEQ ID NO : 4 ) and p356Y' 

(GTCTCAATCATCTTCATTGTGAAGGCC ; SEQ ID NO: 5 ) . These primers are 
located at the 2 ends of the ORF of SGS3 . This PCR product was 
cloned and sequenced. 
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WO 01/05951 1 PCT/FR00/02052 

Novel SGS3 plant gene and use thereof 

The present invention relates to a novel SGS3 
plant gene and use thereof for preparing genetically 
5 modified plants. 

Methods are known, from the state of the art, 
which make it possible to integrate heterologous genes 
into the genome of plants of various species. For the 
processes for transforming plant cells and for- 

10 regenerating plants, mention will in particular be made 
of the following patents and patent applications: 
US 4,459, 355 , US 4,536,475, US 5,464,763, US 5,177,010, 
US 5,187,073, EP 267 159, EP 604 662, EP 672 752, 
US 4,945,050, US 5,036,006, US 5,100,792, US 5,371,014, 

15 US 5,478,744, US 5,179,022, US 5,565,346, US 5,484,956, 
US 5,508,468, US 5,538,877, US 5,554,798, US 5,489,520, 
US 5,510,318, US 5,204,253, US 5,405,765, EP 442 174, 
EP 486 233, EP 486 234, EP 539 563, EP 674 725, 
WO 91/02071 and WO 95/06128. 

2 0 The level of expression of the heterologous 

gene will depend on various factors, including the 
locus of integration of the heterologous gene into the 
genome of the transformed plant and "silencing" 
phenomena. It is, in fact, known from the state of the 

25 art that the expression of a heterologous gene in a 
plant may be totally or partially inhibited in the 
descendents of the regenerated transformed plants, even 
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though said gene is expressed correctly in the 
regenerated plant directly derived from the transformed 
cell. The heterologous genes introduced may sometimes 
undergo epigenetic inactivation ( inactivation 
5 accompanied by no sequence modification) . When the 

genes exhibit homology with genes of the host organism, 
the inactivation may also affect the expression of 
these host genes and engender effects which are 
deleterious for the organism (co-inactivation) . Two 

10 distinct inactivation mechanisms have been demonstrated 
in higher plants, resulting either in blocking of 
transcription (transcriptional inactivation) or in RNA 
degradation (post- transcriptional inactivation) . 

These inactivation phenomena, accidentally 

15 revealed by transgenesis , certainly reflect fundamental 
processes for the epigenetic control of gene 
expression, and their study therefore constitutes an 
original means of access to understanding the 
regulatory mechanisms used during plant development. 

2 0 The demonstration of these phenomena raises, moreover, 
many questions regarding the use of transgenic plants 
both for variety improvement programs and for molecular 
physiology studies . 

Thus, monolocus homozygous plants obtained 

2 5 with a gene encoding the GUS protein under the control 
of the promoter CamV 3 5S (3 5S-UidA) have exhibited 
inactivation of the transgene, regardless of the number 
of copies of the transgene inserted at the locus. The 
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phenomenon occurs during the development of each 
generation, indicating meiotic reversibility. Haploid 
plants derived from culturing anthers of inactivated 
homozygous transf ormants carrying a single copy of the 
5 transgene have shown reactivation of the gene followed 
by inactivation during development, suggesting that 
meiosis is necessary for triggering the reactivation 
process, but that the triggering of the inactivation 
during development does not require fertilization, and 

10 does not result from interaction between various copies 
of the transgene. Finally, run-on experiments have 
shown that the phenomenon occurs at the post- 
transcriptional level (Elmayan and Vaucheret, Plant J. 
9 :787-797, 1996) . 

15 It is possible, by inducing a mutation of the 

transformed plants, not only to eliminate these 
inhibition phenomena, but also to increase the level of 
expression of the heterologous genes in this mutated 
plant (Elmayan et al . , 1998, Plant Cell 10 : 1747-1757 ,~ • 

20 1998) . 

It is therefore imagined that it is, today, 
essential to identify the genes involved in post- 
transcriptional inactivation in order to improve, 
firstly, the stability of transgene expression in 
25 plants and, secondly, the production of recombinant 
proteins in plants. The identification of these genes 
is also of great value because of their role in the 
. resistance of plants to viral infections. 
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A novel plant gene, named SGS3 , has now been 
isolated, which is involved in post- transcriptional 
inactivation phenomena in transgenic plants , and in the 
resistance of plants to viral infections. Inhibition of 
5 this gene leads to inhibition of the post- 

transcriptional inactivation phenomena, in particular 
in transgenic plants comprising a heterologous gene 
encoding a particular peptide or protein, allowing a 
particularly high level of expression of said peptide 
10 or of said protein. A subject of the invention is also 
the overexpression of the SGS3 gene, for preparing 
plants which are more resistant to viral infections. 

Description of the sequence listing 

15 SEQ ID No. 1: SGS3 gene of Arabidopsis thaliana 

SEQ ID No. 2:. cDNA of the SGS3 gene of Arabidopsis 
thaliana 

SEQ ID No. 3: SGS3 polypeptide of Arabidopsis thaliana 



2 0 Description of the invention 

SGS3 polynucleotides 

The present invention relates to SGS3 
polynucleotides, in particular polynucleotides 
comprising an SGS3 plant gene. Preferentially, the 
25 polynucleotides of the present invention comprise the 
coding sequence of an SGS3 plant gene. The SGS3 gene 
may be isolated from dicotyledon plants, such as 
Arabidopsis , tobacco, rapeseed, sunflower, soybean, 
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cotton, clover or duckweed (leirmae), or from 
monocotyledon plants, such as rice, maize or wheat. 
Advantageously, the SGS3 gene is isolated from 
dicotyledon plants, in particular crucifers such as 
5 Az'abidopsis or rapeseed. Preferably, the 

polynucleotides of the invention comprise an SGS3 gene 
of Arabidopsis thai i ana. 

The term w SGS3 polynucleotides" denotes all 
of the polynucleotides of the present invention, 

10 preferably the polynucleotides of the genomic sequence 
of SGS3 , the polynucleotides of the cDNA sequence of 
SGS3 , and also the polynucleotides encoding the SGS3 
polypeptides of the present invention. The term " SGS3 
polynucleotides" also denotes recombinant 

15 polynucleotides comprising said polynucleotides. 

According to the present invention, the term 
"polynucleotide" is intended to mean a single-stranded 
nucleotide chain, or the chain complementary thereto, 
or a double- stranded nucleotide chain, possibly being 

2 0 of the DNA or RNA type. Preferably, the polynucleotides 
of the invention are of the DNA type, in particular 
double- stranded DNA. The term "polynucleotide" also 
denotes the modified polynucleotides and 
oligonucleotides . 

25 The polynucleotides of the present invention 

are isolated or purified from their natural 
environment. Preferably, the polynucleotides of the 
present invention may be prepared using the 
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conventional molecular biology techniques as described 
by Sambrook et al . (Molecular Cloning: A Laboratory 
Manual, 1989), or by chemical synthesis. 

The invention comprises polynucleotides of 
5 the genomic sequence of the SGS3 gene. This genomic 
sequence comprises 5 exons (positions 696-1658, 1732- 
2023, 2135-2379, 2482-2648 and 2739-2949 of SEQ ID 
No. 1), 4 introns (positions 1659-1731, 2024-2134, 
2380-2481 and 2649-2738 of SEQ ID No. 1), and 5' and 3' 
10 regulatory sequences. In a preferred embodiment of the 
invention, the polynucleotides of the genomic sequence 
of SGS3 comprise a polynucleotide chosen from the 
following polynucleotides: 

a) the polynucleotide of SEQ ID No. 1, 
15 b) a polynucleotide comprising. at least one 

exon of SEQ ID No . 1, 

c) a polynucleotide comprising a combination 
of exons of SEQ ID No . 1. 

The present invention also relates to a 
20 polynucleotide comprising a 5' or 3 ' regulatory 

sequence of the SGS3 gene. In a first embodiment, the 
invention relates to a 5' regulatory polynucleotide 
comprising the polynucleotide the sequence of which is 
between position 1 and position 695 of SEQ ID No. 1 . In 
25 a second embodiment, the invention relates to a 3 ' 

regulatory polynucleotide comprising the polynucleotide 
the sequence of which is between position 2950 and 
position 3275 of SEQ ID No . 1. 
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A subject of the invention is also a promoter 
of the SGS3 gene of Arahidopsis thali&na. Preferably, 
the SGS3 gene promoter comprises a polynucleotide the 
sequence of which is between position 1 and position 
5 695 of SEQ ID No. 1. In another embodiment of the 
invention, the SGS3 gene promoter comprises a 
biologically active fragment of a polynucleotide the 
sequence of which is between position 1 and position 
695 of SEQ ID No. 1. 
10 The term "biologically active fragment" above 

is intended to mean a polynucleotide having promoter 
activity, and preferably promoter activity in plants. 
The techniques which make it possible to establish the 
promoter activity of a polynucleotide are well known to 
15 those skilled in the art. These techniques 

conventionally involve the use of an expression vector 
comprising, in the direction of transcription, the 
polynucleotide to be tested and a reporter gene (see 
Sambrook et al . , Molecular Cloning: A Laboratory 
2 0 Manual, 1989) . 

The invention also extends to the 
polynucleotides comprising a polynucleotide chosen from 
the following polynucleotides: 

a) a polynucleotide homologous to a polynucleotide 
25 the sequence of which is between position 1 and 
position 695 of SEQ ID No. 1, 



b) a polynucleotide capable of selectively 
hybridizing to a polynucleotide the sequence of which 
is between position 1 and position 695 of SEQ ID No. 1. 
Preferably, these polynucleotides have promoter 
5 activity in plant cells and plants. 

The invention also relates to a terminator 
sequence of the SGS3 gene of Arabidopsis thaliana . 
Preferably, the SGS3 gene terminator sequence comprises 
a polynucleotide the sequence of which is between 

10 position 2950 and position 3275 of SEQ ID No . 1 . In 
another embodiment of the invention, the SGS3 gene 
terminator sequence comprises a biologically active 
fragment of a polynucleotide the sequence of which is 
between position 2950 and position 3275 of SEQ ID 

15 No. 1. 

The invention also relates to polynucleotides 
of the SGS3 cDNA. Preferably, the polynucleotides of 
the coding sequence of an SGS3 plant gene comprise 
polynucleotides of SEQ ID No. 2. 
2 0 The invention also extends to the 

polynucleotides comprising a polynucleotide chosen from 
the following polynucleotides : 
l ~ a) a polynucleotide homologous to a polynucleotide 
according to SEQ ID No . 1 or SEQ ID No. 2; 
25 b) a polynucleotide capable of selectively 

hybridizing to a polynucleotide according to SEQ ID 
. No. 1 or SEQ ID No . 2 . 
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Preferably, the polynucleotides homologous to 
a reference polynucleotide, or selectively hybridizing 
to a reference polynucleotide, conserve the function of 
the reference sequence. The polynucleotides of the 
5 present invention preferably encode a polypeptide 
essential for post- transcriptional inactivation in 
plants. Preferentially, the polynucleotides of the 
present invention restore an sgs3 mutant of Arabidopsls . 
thaliana . These mutants, and the method for producing 

10 them, are described in Elmayan et al . (Plant Cell, 
10:1747-1757, 1998). Other methods which make it 
possible to construct Arabidopsis thaliana mutants in 
which the SGS3 gene is inactivated are well known to 
those skilled in the art. The methods for producing 

15 Arabidopsis thaliana mutants are widely described in 
the literature. 

According to the invention, the term 
"homolog" is intended to mean a polynucleotide having 
one or more sequence modifications compared to the 

2 0 reference sequence. These modifications may be 

deletions, additions or substitutions of one or more 
nucleotides of the reference sequence. Advantageously, 
the percentage homology will be at least 7 0%, 7 5%, 80%, 
85%, 90%, 95%, and preferably at least 98%, and more 

25 preferentially at least 99%, compared to the reference 
sequence. The methods for measuring and identifying 
homologies between nucleic acid sequences are well 
known, to those skilled in the art. Use may be made, for. 
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example, of the PILEUP or BLAST programs (in particular 
Altschul et al., J. Mol . Evol . , 36:290-300, 1993; 
Altschul et al., J. Mol. Biol., 215:403-10, 1990). The 
invention therefore relates to polynucleotides 
5 comprising polynucleotides exhibiting at least 70%, 
75%, 80%, 85%, 90%, 95%, 98%, and preferably at least 
98%, and more preferentially at least 99%, homology 
with the SGS3 polynucleotides , the polynucleotides of 
SEQ ID No. 1 or the polynucleotides of SEQ ID No . 2, 

10 Preferably, the invention relates to a polynucleotide 
comprising a polynucleotide of at least 50, 100, 200, 
300, 400, 500, 1000 nucleotides, exhibiting at least 
70%, 75%, 80%, 85%, 90%, 95%, 98% and preferably at 
least 98%, and more preferentially at least 99%, 

15 homology with the SGS3 polynucleotides, the 

polynucleotides of SEQ ID No. 1 or the polynucleotides 
of SEQ ID No. 2. Preferably, these homologs conserve 
the function of the reference sequence. 

According to the invention, the expression 

20 "sequence capable of selectively hybridizing" is 

intended to mean the sequences which hybridize with the 
reference sequence at a level significantly greater 
than the background noise. The level of the signal 
generated by the interaction between the sequence , 

25 capable of selectively hybridizing and the reference 
sequences is generally 10 times, preferably 100 times, 
more intense than that of the interaction of the other 
DNA sequences generating the background noise. The 



11 

stringent hybridization conditions which allow 
selective hybridization are well known to those skilled 
in the art . In general the temperature for 
hybridization and for washing is at least 5°C lower 
5 than the Tm of the reference sequence at a given pH and 
for a given ionic strength. Typically, the 
hybridization temperature is at least 30°C for a 
polynucleotide of 15 to 50 nucleotides, and at least 
60°C for a polynucleotide of more than 50 nucleotides. 

10 By way of example, the hybridization is carried out in 
the following buffer: 6X SSC, 50 mM Tris-HCl (pH 7.5), 
.1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA and 
.500 jig/ml denatured salmon sperm DN A . The washes are, 
for example, carried out successively at low stringency 

15 in a 2X SSC buffer containing 0.1% SDS, at medium 

stringency in a 0 . 5X SSC buffer containing 01% SDS and 
at high stringency in a 0 . IX SSC buffer containing 0.1% 
SDS. The hybridization may, of course, be carried out 
according to other normal methods well known to those 

20 skilled in the art (in particular Sambrook et al . , 
Molecular Cloning: A Laboratory Manual, 1989). The 
invention therefore relates to polynucleotides 
comprising a polynucleotide capable of selectively 
hybridizing with the polynucleotide of SEQ ID No. 1 or 

25 the polynucleotide of SEQ ID No . 2. Preferably, the 
invention relates to a polynucleotide comprising a 
polynucleotide of at least 50, 100, 200, 300, 400, 500, 
1000 nucleotides, capable of selectively hybridizing 



with the polynucleotide of SEQ ID No . 1 or the 
polynucleotide of SEQ ID No . 2. Preferentially, these 
polynucleotides selectively hybridizing to a reference 
polynucleotide conserve the function of the reference 
sequence . 

A subject of the present invention is also 
antisense polynucleotides which allow inhibition of the 
expression of an SGS3 plant gene . The antisense 
polynucleotides hybridize specifically to the mRNA of 
an SGS3 plant gene, thus interfering with the 
expression of this gene. The techniques for inhibiting 
the expression of a protein with an antisense 
polynucleotide are well known to those skilled in the 
art and widely described in the literature, in 
particular by Judelson et al . (Gene, 133:63-69, 1993) 
and also by Prokish et al. (Mol. Gen. Genet. 256:104- 
114, 1997) . 

The antisense polynucleotides of the present 
invention hybridize to the mRNA of an SGS3 plant gene 
over its entire length, or only to a part of the mRNA 
of an SGS3 plant gene. The antisense polynucleotides of 
the present invention may be completely complementary 
to the mRNA of an SGS3 plant gene, or sufficiently 
homologous to allow pairing and inhibition of the 
expression of an SGS3 plant gene. 

A subject of the present invention is 
therefore also polynucleotides comprising an antisense 
polynucleotide of an SGS3 plant gene, and 



13 

preferentially an antisense polynucleotide of the 
coding sequence of the SGS3 gene of SEQ ID No . 2. 
Preferentially, the antisense polynucleotides of the 
present invention are derived from a polynucleotide of 
5 SEQ ID No. 2. According to a first embodiment, the 
antisense polynucleotides of the present invention 
comprise the polynucleotide of SEQ ID No . 2. According 
to a second embodiment, the antisense polynucleotides 
of the present invention comprise a fragment of at 

10 least 100 nucleotides, preferably of at least 500 
nucleotides, and preferentially of at least 1000 
nucleotides, of SEQ ID No . 2. According to a third 
embodiment, the antisense polynucleotides of the 
present invention comprise a polynucleotide exhibiting 

15 at least 85%, 90%, 95%, and preferably at least 98%, 
and more preferentially at least 99%, homology with a 
polynucleotide of SEQ ID No. 2. According to another 
embodiment, the antisense polynucleotides of the 
present invention comprise a polynucleotide exhibiting 

20 at least 85%, 90%, 95%, and preferably at least 98%, 
and more preferentially at least 99%, homology with a 
fragment of at least 100 nucleotides , preferably of at 
least 500 nucleotides, and preferentially of at least 
1000 nucleotides, of SEQ ID No. 2. 

25 Preferably, the antisense polynucleotides of 

the present invention specifically inhibit the 
expression of an SGS3 gene in plants. 
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According to a preferred embodiment, the 
antisense polynucleotides of the present invention are 
expressed in plant cells or plants using an expression 
cassette . 

5 The present invention relates to the use of a 

polynucleotide, or of a fragment of a polynucleotide, 
of SEQ ID No. 1 and of SEQ ID No. 2 according to the 
invention, for identifying the SGS3 gene in other 
plants. The cloning is carried out, for example, by 

10 screening cDNA libraries or genomic DNA libraries with 
a polynucleotide, or a fragment of a polynucleotide, of 
SEQ ID No. 1 and of SEQ ID No . 2. These libraries may 
also be screened by PCR using specific or degenerate 
oligonucleotides derived from SEQ ID No. 1 or from SEQ 

15 ID No. 2. The techniques for constructing and screening 
these libraries are well known to those skilled in the 
art (see in particular Sambrook et al., Molecular 
Cloning: A Laboratory Manual, 1989) . SGS3 plant genes 
may also be identified in the databases by nucleotide 

20 or protein BLAST using SEQ ID Nos . 1-3. 

Preferably, it is verified that the cloned 
genes carry out the same function as the SGS3 gene of 
Arabidopsis thali ana, by introducing, the genes 
identified into SGS3 mutants and by testing for 

25 restoration of the post- transcriptional inactivation 
(see below) . 




A subject of the invention is also polynucleotides 
comprising a polynucleotide encoding a polypeptide 
according to the invention. 

5 SGS3 polypeptides 

The present invention also relates to SGS3 
polypeptides. The term "SGS3 polypeptides" denotes all 
of the polypeptides of the present invention, and also 
the polypeptides for which the polynucleotides of the 

10 present invention code. The term "SGS3 polypeptides" 
also denotes fusion proteins, recombinant proteins or 
chimeric proteins comprising these polypeptides. In the 
present description, the term "polypeptide" also 
denotes proteins and peptides, and also modified 

15 polypeptides. 

The polypeptides of the invention are 
isolated or purified from their natural environment. 
The polypeptides may be prepared by means of various 
processes. These processes are, in particular, 

2 0 purification from natural sources such as cells 

naturally expressing these polypeptides, production of 
recombinant polypeptides by suitable host cells and 
subsequent purification thereof, production by chemical 
synthesis or, finally, a combination of these various 

25 approaches. The various production processes are well 
known to those skilled in the art. Thus, the SGS3 
polypeptides of the present invention may be isolated 
from plants expressing SGS3 polypeptides. Preferably, 
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the SGS3 polypeptides of the present invention are 
isolated from recombinant host organisms expressing a 
heterologous SGS3 polypeptide or expressing a natural 
SGS3 polypeptide under the control of a heterologous 
5 promoter. These organisms are preferentially chosen 

from bacteria, yeasts, fungi, animal cells, plant cells 
or plants. 

A subject of the present invention is a 
polypeptide of sequence SEQ ID No. 3, and also a 

10 polypeptide comprising a polypeptide of sequence SEQ ID 
No. 3. The invention also comprises polypeptides 
comprising a fragment or a homolog of an SGS3 
polypeptide, and more particularly of the polypeptide 
of SEQ ID No . 3 . 

15 The term "fragment" of a polypeptide denotes 

a polypeptide comprising part but not all of the 
polypeptide from which it is derived. The invention 
relates to a polypeptide comprising a fragment of at 
least 10, 15, 20, 25, 30, 35, 40, 50 amino acids of a 

20 polypeptide of SEQ ID No. 3. Preferably, these 

fragments conserve at least one biological activity of 
the polypeptide from which they are derived. 
Preferentially, this activity relates to post- 
transcriptional inactivation in plants. Preferably, the 

2 5 polypeptides of the present invention restore an sgs3 
mutant of Arabidopsis thaliana . 

The term "homolog" denotes a polypeptide 
according to the invention denotes a polypeptide which 



i, r « q 21 q 11 a «a , a »+■ .t. 11 §: g a 

17 

may have a deletion, an addition or a substitution of 
at least one amino acid. A subject of the invention is 
a polypeptide exhibiting at least 75%, 80%, 85%, 90%, 
95%, 98%, and preferentially 99%, of amino acids 
5 identical to a polypeptide of SEQ ID No . 3. Preferably, 
these homologous polypeptides conserve the same 
biological activity. Preferentially, this activity 
relates to post- transcriptional inactivation in plants. 
Preferably, the polypeptides of the present invention 
10 restore an sgs3 mutant of Arabidopsis thaliana. 

Expression cassettes 

The SGS3 gene may be expressed or 
overexpressed in various host organisms, such as 

15 plants. The., present invention relates in particular to 
the overexpression of the SGS3 gene in plants or plant 
cells in order to improve their resistance to viruses. 
The SGS3 gene may be expressed in a host organism, 
under the control of the SGS3 promoter of the present 

2 0 invention or under the control of a heterologous 
promoter, and preferably under the control of a 
promoter which is functional in plants. According to 
one embodiment of the invention, a polynucleotide 
encoding an SGS3 polypeptide is inserted into an 

25 expression cassette using cloning techniques well known 
to those skilled in the art. This expression cassette 
comprises the elements required for the transcription 
and translation of the sequences encoding the SGS3 
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polypeptide. Advantageously, this expression cassette 
comprises both elements for making a host cell produce 
an SGS3 polypeptide and elements required for 
regulating this expression. In a first embodiment, the 
5 expression cassettes according to the invention 

comprise, in the direction of transcription, a promoter 
which is functional in a host organism, an SGS3 plant 
gene, or the coding sequence of an SGS3 plant gene, and 
a sequence which is a terminator in said host organism. 
10 In another embodiment, the expression cassettes 

according to the invention comprise, in the direction 
of transcription, a promoter which is functional in a 
host organism, a polynucleotide encoding an SGS3 
polypeptide and a sequence which is a terminator in 
15 said host organism. Preferentially, the expression 

cassette comprises, in the direction of transcription, 
a promoter which is functional in a host organism, a 
polynucleotide chosen from the following 
polynucleotides : 
20 a) a polynucleotide encoding an SGS3 

polypeptide of SEQ ID No. 3, encoding a 
homolog or encoding a fragment of a 
polypeptide of SEQ ID No. 3 ; 
b) a polynucleotide of SEQ ID No. 1; 
25 c) a polynucleotide of SEQ ID No. 2; 

d) a polynucleotide homologous to a 

polynucleotide as defined in b) or c) ; 
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e) a polynucleotide capable of' hybridizing 
specifically to a polynucleotide as 
defined in b) or c) ; 

f) a polynucleotide comprising a fragment 
5 of a polynucleotide as defined in b) , 

c) , d) and e) , 
and a sequence which is a terminator in said 
host organism. 

In another embodiment, the expression 

10 cassettes of the present invention allow the expression 
of an antisense polynucleotide, for inhibiting the 
expression of the SGS3 gene in a plant. For expressing 
an antisense polynucleotide in a plant, the expression 
cassettes according to the invention comprise, in the 

15 direction of transcription, a promoter which is 
functional in a host organism, an antisense 
polynucleotide of the coding sequence of an SGS3 plant 
gene and a terminator sequence which is functional in 
said host organism. Preferably, the expression 

2 0 cassettes according to the invention comprise, in the 
direction of transcription, a promoter which is 
functional in a host organism, an antisense 
polynucleotide of the coding sequence of the SGS3 gene 
of SEQ ID _No. 2 and a terminator sequence which is 

25 functional in said host organism. Preferentially, the 
antisense polynucleotides of the present invention are 
expressed under. the control of an inducible promoter. 
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In a preferred embodiment, the subject of the 
invention is an expression cassette comprising, in the 
direction of transcription: 

a) a promoter which is functional in a host organism; 
5 and 

b) an SGS3 polynucleotide according to the invention 
in the antisense orientation; and 

c) a sequence which is a terminator in said host 
organism. 

10 The SGS3 promoter may be used to express a 

heterologous gene in a host organism, and in particular 
in plant cells or in plants. A subject of the invention 
is therefore also expression cassettes comprising the 
promoter of an SGS3 plant gene, functionally combined 

15 with a sequence encoding a heterologous protein, 

allowing the expression of said protein in plant cells 
or plants. In one embodiment, the expression cassette 
according to invention comprises, in the direction of 
transcription, the SGS3 promoter of Arabidops is 

2 0 thaliana, the coding sequence for the heterologous 

protein and a terminator sequence which is functional 
in plant cells and plants. Preferably, the expression 
cassette according to the invention comprises, in the • • ' 
direction of transcription, a polynucleotide the 

25 sequence of which is between position 1 and position 

695 of SEQ ID No . 1, or a biologically active fragment 
of the polynucleotide the sequence of which is between 
position 1 and position 695 of SEQ ID No . 1, the 



sequence encoding a heterologous polypeptide and a 
terminator sequence which is functional in plant cells 
and plants . 

The expression cassettes according to the 
present invention may also include any other sequence 
required for the expression of the gene of interest, 
such as, for example regulatory elements or signal 
sequences allowing the polypeptide of interest to be 
addressed. 

The techniques for constructing these 
expression cassettes are widely described in the 
literature (see in particular Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 1989). 

A subject of the present invention is also a 
polynucleotide comprising an expression cassette 
according to the invention, and in particular a vector 
comprising an expression cassette according to the 
invention. 

Advantageously, the expression cassettes 
according to the present invention are inserted into a 
vector for replicating them or for transforming a host 
organism. 

Certain elements of the expression cassettes 
according to the invention are illustrated below in a 
nonlimiting manner. 
Promoters 

Any type of promoter sequence may be used in 
the expression cassettes according to the invention. 
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The choice of the promoter will depend in particular on 
the host organism chosen for expressing the gene of 
interest. The present invention relates more 
particularly to the transformation of plants. The 
5 choice of the promoter used in the expression cassette 
determines the temporal and spatial expression of the 
gene of interest. Some promoters allow specific 
expression in certain tissues of the plant (roots, 
leaves or seeds for example) or in certain cells of the 
10 plant. Some promoters allow constitutive expression 
whereas other promoters are, on the contrary, 
inducible. As a regulatory promoter sequence in plants, 
use may be made of any promoter sequence for a gene 
which is naturally expressed in plants, in particular a 
15 promoter which is expressed in particular in the leaves 
of plants, such as for example "constitutive" promoters 
of bacterial, viral or plant origin, or "light- 
dependent" promoters, such as that of a plant ribulose- 
biscarboxylase/oxygenase (RuBisCo) small subunit gene, 
2 0 or any suitable known promoter which may be used. Among 
the promoters of plant origin, mention will be made of 
the histone promoters as described in application 
EP 0 507 698, or the rice actin promoter - - 
(US 5,641,876). Among the promoters of a plant virus 
25 gene, mention will be made of that of the cauliflower 
mosaic virus (CAMV 19S or 35S) , or the promoter of the 
circovirus (AU 689 311) . Use may also be made of a 
regulatory promoter sequence specific for particular 
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regions or tissues of plants, and more particularly 
promoters specific for seeds (Datla et al. , 
Biotechnology Ann. Rev. 3:269-296, 1997) . Use may also 
be made of an inducible promoter advantageously chosen 
5 from the phenylalanine ammonia lyase (PAL), HMG-CoA 
reductase (HMG) , chitinase, glucanase, proteinase 
inhibitor (PI) or PR1 family gene promoters, the 
nopaline synthase (nos) promoter, the vspB gene 
promoter (US 5,67 0,349), the HMG 2 promoter 

10 (US 5 670 349), the apple beta-galactosidase (ABG1) 
promoter or the apple aminocyclopropane carboxylate 
syntase (ACC synthase) promoter (WO 98/45445). 

Use may also be made of the SGS3 gene 
promoter of Arabldopsis thaliana. 

15 Regulatory sequences for expression 

In the expression cassettes of the present 
invention, use may be made of any regulatory sequence 
which makes it possible to increase the level of 
expression of the coding sequence inserted into said 

2 0 expression cassette. According to the invention, use 
may in particular be made, in combination with the 
regulatory promoter sequence, of other regulatory 
sequences, which are located between the. promoter and 
the coding sequence, such as transcription activators 

25 ("enhancer") . Among the virus-derived leader sequences, 
mention will be made, for example, of the tobacco 
mosaic virus (TMV) activator described in application 
WO 87/07 644, or the tobacco etch virus (TEV) activator. 
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Various plant intron-derived sequences may also be used 
to increase the level of expression of the gene of 
interest, in particular in monocotyledon plants. 
Mention will be made, for example, of intron I of the 
5 maize gene, AdhI (Callis et al . , Genes Develop., 
1:1183-1200, 1987) . 
Terminator sequences 

A large variety of terminator sequences can 
be used in the expression cassettes according to the 

10 invention. These sequences allow transcription 

termination and polyadenylation of the mKNA. Any 
terminator sequence which is functional in the host 
organism selected may be used. For expression in 
plants, use may in particular be made of the nos 

15 terminator of Agrohacterium tumefaciens , or terminator 
sequences of plant origin, such as for example the 
histone terminator (see EP 0 633 317) , the CaMV 35 S 
terminator and the tml terminator. These terminator 
sequences can be used in monocotyledon and dicotyledon 

20 plants. 

The terminator sequence of the SGS3 gene of 
Arahidopsis thaliana is another example of a terminator 
sequence which can be used in the expression cassettes 
according to the invention. 
2 5 Heterologous genes 

Any gene of interest may be expressed in a 
host organism under the control of an SGS3 promoter. 
Preferably, the SGS3 promoter is used for expressing a 
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heterologous gene in plant cells or in a plant. The 
genes of interest which may be expressed in plants 
under the control of an SGS3 promoter are more widely 
illustrated below. 

5 

Vectors 

The present invention also relates to 
transformation vectors or expression vectors comprising 
at least one SGS3 polynucleotide or one- expression 

10 cassette according to the present invention. The 

vectors of the present invention are in particular used 
to transform a host organism and to express an SGS3 
polypeptide or an SGS3 polynucleotide, in said host 
organism. The host organism is, for example, a 

15 bacterium, a yeast, a fungus, a plant cell or a plant. 
This' vector may in particular consist of a plasmid, a 
cosmid, a bacteriophage or a virus, into which an SGS3 
polynucleotide or an expression cassette according to 
the invention is inserted. In general, any vector 
20 capable of being maintained, of self -replicating or of 
propagating in a host cell in order to induce the 
expression of a polynucleotide or a polypeptide may be 
used. 

The techniques for constructing these vectors 
25 and the techniques for inserting a suitable sequence 
into these vectors are widely described in the 
literature (see in particular Sambrook et al . , 
Molecular Cloning: A Laboratory Manual, 19 89) . 
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Advantageously, the vectors according to the 
invention comprise at least one origin of replication. 
Preferably, the vectors of the invention also comprise 
at least one selection marker and preferably a 
5 selection marker which can be used in plant cells or in 
plants. Among the selection markers, mention may be 
made of the genes for resistance to antibiotics, such 
as the nptll gene for canamycin resistance (Bevan et 
al., Nature 304:184-187, 1983) and the hph gene for 

10 hygromycin resistance (Gritz et al . , Gene 25:179-188, 
1983) . Mention will also be made of the genes for 
tolerance to herbicides, such as the bar* gene (White et 
al., NAR 18:1062, 1990) for bialaphos tolerance, the 
EPSPS gene (US 5,188,642) for glyophosate tolerance or 

15 the HPPD gene (WO 96/38567) for isoxazole tolerance. 
Use may also be made of the genes encoding easily 
identifiable reporter enzymes., such as the GUS enzyme, 
or genes encoding pigments and enzymes which regulate 
the production of pigments, in the transformed cells. 

2 0 Such selection marker genes are in particular described 
in patent applications EP 242 236, EP 242 246, 
GB 2 197 653, WO 91/02071, WO 95/06128, WO 96/38567 or 
WO 97/04103 . 

Advantageously, these vectors are used for 

25 transforming a host organism. Those skilled in the art 
will choose the suitable transformation vectors in 
particular as a function of the host organism to be 
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transformed and as a function of the transformation 
technique used. 

For transforming plant cells or plants, it 
will in particular be a virus which can be used for the 
5 transformation of developed plants, and which also 
-contains its own elements for replication and for 
expression. Preferentially the vector for transforming 
the plant cells or plants according to the invention is 
a plasmid. 

10 Many vectors have been developed for 

transforming plants with Ag-robacteirium tumefaciens. 
Other vectors are used for the transformation 
techniques which are not based on the use of 
Agrobacterium. These vectors are well known to those 
15 skilled in the art and widely described in the 
literature . 

Trans f ormat i on 

A subject of the invention is also a process 
for transforming host organisms, in particular plant 
cells, with an SGS3 polynucleotide, an expression 
cassette, a transformation vector or an expression 
vector according to the invention. 

According to the present invention, the 
transformation of the host organism may be obtained by 
any suitable known means; the transformation 
techniques, and in particular the techniques for 
transforming plants, are fully described in the 
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specialized literature. For the processes for 
transforming plant cells and for regenerating plants, 
mention will be made in particular of the following 
patents and patent applications: US 4,459,355, 
5 US 4,536,475/ US 5,464,763, US 5,177,010, US 5,187,073, 
EP 267 159, EP 604 662, EP 672 752, US 4,945,050, 
US 5,036,006, US 5,100, 792, US 5,371,014, 
US 5,478,744, US 5,179,022, US 5,565,346, US 5,484,956, 
US 5,508,468, US 5,538,877, US 5,554,798, US 5.,489,520, 
10 US 5,510,318, US 5,204,253, US 5,405,765, EP 442 174, 
EP 486 233, EP 486 234, EP 539 563, EP 674 725, 
WO 91/02071, WO 95/06128 and WO 99/19497. 

Some techniques use Ag-robacterlum in 
particular for transforming dicotyledons. A series of 
15 methods consist in using, as a means for transfer into 
the plant, a chimeric gene inserted into an 
Agrobacterium tumefaciens Ti plasmid or Agrobacterium 
rhizogenes Ri plasmid. Other methods consist in 
bombarding cells, protoplasts or tissues with particles 
2 0 to which the DNA sequences are attached. Other methods 
may also be used, such as microinjection or 
electroporation, or direct precipitation using PEG. 

Those skilled in the art will choose the 
suitable method depending on the nature of the host 
25 organism, in particular of the plant cell or of. the 
plant . 
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Host organisms 

The present invention also relates to a host 
organism transformed with an SGS3 polynucleotide, an 
expression cassette or a vector according to the 
5 invention. . 

According to the invention, the term "host 
organism" is intended to mean in particular any 
monocellular or multicellular, lower o.r higher 
organism, in particular chosen from bacteria, yeasts, 
10 fungi or plant cells and plants. Advantageously, the 
bacteria are chosen from Escherichia coli, the yeasts 
are chosen from Pichia pastoris and Saccharomyces 
cerevisae, and the fungi are chosen from Aspergillus 
niger. Preferentially, the host organism is a plant 
15 cell or a plant. 

According to the invention, the term "plant 
cell" is intended to mean any cell derived from a plant 
and which may constitute undifferentiated tissues such 
as calluses, differentiated tissues such as embryos, 
2 0 parts of plants, plants or seeds. 

According to the invention-, the term "plant" 
is intended to mean any differentiated multicellular 
organism capable of photosynthesis, in particular 
monocotyledons or dicotyledons, more particularly crop 
2 5 plants, which may or may not be intended for animal or 
human food, such as maize, wheat, barley, sorghum, 
rapeseed, soybean, rice, sugar cane, beetroot, tobacco, 
cotton, clover, duckweed (lemnae), etc. 
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According to a particular embodiment of the 
invention, the host organism comprises at least one 
other heterologous gene encoding a peptide, a 
polypeptide or a protein of interest. The 
5 polynucleotide comprising an SGS3 polynucleotide 

according to the invention and the other heterologous 
gene(s) may have been introduced into the host organism 
simultaneously by means of the same vector comprising 
them or by means of several vectors, or sequentially by 
10 means of several vectors, or alternatively by crossing 
several host organisms, each comprising a heterologous 
gene . 

According to the invention, the term 
"heterologous gene" is intended to mean any gene 

15 introduced artificially into the host organism, and 
more particularly integrated artificially into its 
genome, the methods allowing this introduction or 
integration possibly being those described previously, 
the content of the references cited being incorporated 

20 herein by way of reference. 

The heterologous gene, other than the SGS3 
polynucleotides according to the invention, may be a 
gene comprising a coding sequence and the 5' and 3' 
regulatory elements for said coding sequence, which are 

25 not modified compared to the natural gene, reintroduced 
artificially into the genome of a host organism which 
may be of the same species as that from which the gene 
was isolated, or a different species. The heterologous 
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gene may also be a chimeric gene or an expression 
cassette comprising a coding sequence of plant, 
bacterial, fungal, viral or animal origin, under the 
control of regulatory elements which are functional in 
5 the host organism and which are different from those 
naturally functionally linked to the coding sequence. 

A subject of the present invention is also 
the plants containing transformed cells as defined 
above, in particular the plants regenerated from the 

10 transformed cells and their descendants. The 

regeneration is obtained using any suitable process, 
which depends on the nature of the species, as 
described for example in the references above. 

The present invention also relates to the 

15 genetically modified plants into the genome of which an 
SGS3 polynucleotide or an expression cassette according 
to the invention are integrated in a manner which is 
stable and transmissible by sexual reproduction. 

The present invention also relates to plants 

20 obtained by crossing the regenerated plants above with 
other plants. It also relates to the seeds of 
transformed plants. 
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sgs3 mutants 

The invention also relates to the sgs3 
mutants in which the SGS3 gene is inactivated. The 
inactivation of this gene leads to inhibition of the 
5 post- transcriptional inactivation phenomena in these 
mutants. 

The inactivation of the SGS3 gene in the 
plants may be obtained by means of various mutagenesis, 
site-directed mutagenesis or "gene machine" techniques, 

10 or using homologous recombination techniques (Kempin, 

S.A. et al:, Targeted disruption in Ara.bldopsis , Nature 
389:802-803, 1997). These techniques are well known to 
those skilled in the art. Among the mutagenesis 
techniques, mention will be made of the chemical 

15 mutagenesis techniques. Mention will also be made of 

the mutagenesis techniques using transposable elements 
which allow inactivation of genes by insertion. When 
the mutagenesis techniques used do not make it possible 
to specifically inactivate the SGS3 gene , the mutants 

2 0 obtained are screened in order to identify the mutants 
affected in the SGS3 gene. This screening may be 
phenotypic screening or screening based on the 
amplification and sequencing of the SGS3 gene in the 
mutants, according to techniques described in the 

2 5 literature. Among the site-directed mutagenesis 

techniques, mention will be made of chimeraplasty 
(US 6, 010, 907) . 



In one particular embodiment of the 
invention, mutants are obtained according to the 
process described by Elmayan et al . (Plant. Cell, 
10:1747-1757, 1998) by treating seeds with a solution 
of EMS (ethyl methanesulf onate ) at 0.4%. The mutants 
are then analyzed in order to identify the mutants 
affected in the SGS3 gene. This screening may, for 
example, be carried out by PGR. 

The present invention also relates to the use 
of SGS3 mutants for identifying SGS3 genes in other 
plant species, such as for example tobacco, rapeseed, 
sunflower, soybean, cotton, rice, maize, sorghum, 
barley or wheat. The functional homologs of SGS3 in 
other species are identified by complementation of the 
sgs3 mutants according to the invention. A 
polynucleotide which restores the wild-type phenotype 
of post-transcriptional inactivation is cloned. The 
sequence of this polynucleotide is then determined in 
order to identify the constituent elements of the 
cloned gene. 

Inhibition/inactivation of SGS3 and expression of 
heterologous genes in plants • 

The development of genetic transfer 
techniques has allowed the expression of genes in 
plants, in particular with a view to improving their 
agronomic properties or for the production of proteins 
of interest. However, post-transcriptional inactivation 
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phenomena constitute a considerable obstacle to the 
stability of transgene expression in plants. These 
phenomena of suppression of the expression of the 
transgene are particularly frequent in the context of 
5 strongly expressed transgenes . The present invention 
relates to a novel plant SGS3 gene. The inhibition or 
inactivation of this SGS3 gene in plants causes 
inhibition of the post- transcriptional inactivation 
phenomenon and therefore makes it possible to produce 

10 plants in which the expression of heterologous genes is 
more stable, and also plants in which the level of 
expression of the heterologous genes is higher. 
Inactivation/ inhibition of the SGS3 gene in plants 

In a first embodiment, the invention relates 

15 to a process for expressing a heterologous gene in a 

plant, characterized in that it comprises transforming 
the plant with the heterologous gene and inhibiting the 
expression of the SGS3 gene in said plant. 

Preferably, the invention relates to a 

2 0 process for expressing a heterologous gene in a plant, 
characterized in that it comprises the following steps: 

a) said plant is transformed with said heterologous 
gene; and 

b) the expression of an SGS3 polynucleotide according 
25 to the invention is inhibited in said plant. 

Preferentially, the inhibition of the 
expression of the SGS3 gene comprises transforming the 
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plant with a polynucleotide comprising a polynucleotide 
chosen from the following polynucleotides: 

a) an antisense polynucleotide of the 
coding sequence of an SGS3 plant gene; 
5 b) an antisense polynucleotide of the 

coding sequence of the SGS3 gene of SEQ ID No. 2; 

c) an expression cassette comprising, in 
the direction of transcription, a promoter which is 
functional in a host organism, a polynucleotide as 
10 defined in a) or b) and a terminator sequence which is 
functional in said host organism. 

In another embodiment, the invention relates to a 

process for expressing a heterologous gene in a plant, 

characterized in that it comprises transforming the 
15 plant with the heterologous gene and inactivating the 

expression of the SGS3 gene in said plant. 

A subject of the invention is also a process 

for expressing a heterologous gene in a plant, 

comprising the following steps: 
20 a) said plant is transformed with said heterologous 

gene ; 

b) the expression of an SGS3 polynucleotide according 
to the invention is inactivated in said plant. 

In the context of the present invention, it 
25 is clearly understood that the step for inactivating or 
inhibiting the plant SGS3 gene and the step for 
transforming the plant with a heterologous gene may be 
carried out simultaneously on the same plant or 
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sequentially, or alternatively by crossing several 
plants. The processes according to the invention may 
therefore also comprise steps for regenerating plants, 
for asexual multiplication or for crossing plants. 
5 Heterologous genes 

Various heterologous genes of interest may be 
expressed in the plants in which the expression of the 
SGS3 gene is inhibited or inactivated. Preferably, the 
heterologous gene encodes peptides, proteins or 
10 enzymes. They may be reporter proteins, selection 
markers, or peptides or proteins of interest which 
confer novel properties on the host organism, more 
particularly novel agronomic properties for the 
transformed plants. 
15 Among the genes which confer novel agronomic 

properties on the transformed plants, mention may be 
made of the genes which confer tolerance to certain 
herbicides, those which confer resistance to certain 
insects, those which confer tolerance to certain 
20 diseases, etc. Such genes are in particular described 
in patent applications WO 91/02071 and WO 95/06128. 

Among the genes which confer tolerance to 
certain herbicides, mention may be made of the Bar gene 
which confers bialaphos tolerance, the gene encoding a 
25 suitable EPSPS which confers resistance to herbicides 
having EPSPS as the target, such as glyphosate and its 
salts (US 4,535,060, OS 4,769,061, US 5,094,945, 
US 4,940,835, US 5,188,642 US 4,971,908, US 5,145,783, 
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US 5,310,667, US 5,312,910, US 5,627,061, US 5,633,435, 
FR 2 73 6 92 6) , the gene encoding glyphosate 
oxydoreductase (US 5,463,175), or a gene encoding an 
HPPD which confers tolerance to herbicides having HPPD 
5 as the target, such as isoxazoles, in particular 

isoxafutole (FR 95 06800, FR 95 13570), diketoni triles 
(EP 496 630, EP 496 631) or triketones, in particular 
sulcotrione (EP 625 505, EP 625 508, US 5,506,195). 
Such genes encoding an HPPD conferring tolerance to 
10 herbicides having HPPD as the target are described in 
patent application WO 96/38567. 

Among the proteins of interest which confer 
novel properties of resistance to insects, mention will 
be made more particularly of the Bt proteins widely 
15 described in the literature and well known to those 
skilled in the art. Mention will also be made of the 
proteins extracted from bacteria such as Photorabdus 
(WO 97/17432 & WO 98/08932). 

Among these proteins or peptides of interest 
20 which confer novel properties of resistance to 

diseases, mention will be made in particular of ■ 
chitinases, glucanases and oxalate oxidase, all these 
proteins and their coding sequences being widely 
described in the literature, or antibacterial and/or 
25 antifungal peptides, in particular peptides of less 

than 100 amino acids rich in cysteines, such as plant 
defensins or thionine, and more particularly lytic 
peptides of many origins comprising one or more 
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disulfide bridges between the cysteines and regions 
comprising basic amino acids, in particular the 
following lytic peptides: androctonin (WO 97/30082 and 
PCT/FR98/01814, filed on August 18, 1998) or drosomycin 
5 (PCT/FR98/01462, filed on July 8, 1998). 

According to a particular embodiment of the 
invention, the protein or peptide of interest is chosen 
from fungal elicitor peptides, in particular elicitins 
(Kamoun et al . , 1993; Panabieres et al . , 1995). 
10 Mention may also be made of the genes which 

modify the constitution of the modified plants, in 
particular the content and the quality of certain 
essential fatty acids (EP 666 918) or the content and 
the quality of the proteins, in particular in the 
15 leaves and/or the seeds of said plants. Mention will be 
made in particular of the genes encoding proteins 
enriched in sulfur-containing amino acids (Korit et 
al., Eur. J. Biochem. 195:329-334, 1991; WO 98/20133; 
WO 97/41239; WO 95/31554; WO 94/20828; WO 92/14822). 
20 These proteins enriched in sulfur-containing amino 
acids will also have the function of trapping and 
storing excess cysteine and/or methionine, making it 
possible to avoid the possible problems of toxicity 
linked to overproduction of these sulfur-containing 
2 5 amino acids by trapping them. Mention may also be made 
of genes encoding peptides rich in sulfur-containing 
amino acids and more particularly in cysteines, said 
.. peptides also having antibacterial and/or antifungal 



activity. Mention will be made more particularly of 
plant defensins, and also lytic peptides of any origin, 
and more particularly the following lytic peptides: 
androctonin (WO 97/30082 and PCT/FR98/01814 , filed on 
August 18, 1998) or drosomycin (PCT/FR98/01462 , filed 
on July 8, 1998) . 

The host organisms of the present invention 
may also be used for producing proteins of interest in 
plants or "molecular farming". Specifically, the 
invention also relates to transformed plants which make 
it possible to produce higher levels of expression of 
heterologous genes. Among the proteins of interest, 
mention will be made in particular of mammalian 
peptides and proteins. The production of 

immunoglobulins (US 5,990,385; US 5,639,947, 5,959,177) 
and of interferon (US 4,95 6,2 82) have, for example, 
been described in plants. 

All the methods or operations described below 
in the examples are given by way of example and 
correspond to a choice made from the various methods 
available to achieve the same result. This choice has 
no bearing on the quality of the result and, 
consequently, any suitable method may be used by those 
skilled in the art to achieve the same result. Most of 
the methods for engineering DNA fragments are described 
in "Current Protocols in Molecular Biology" Volumes 1 
and 2, Ausubel F.M. et al . or in Sambrook et al . 1989. 
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Description of the figures 

FIGURE 1: sgs3 Mutants 
5 Examples 

Example 1 

Isolation and identification of the SGS3 gene of 

Arabidopsls 

10 The SGS3 mutant (affected in the SGS3 plant 

gene) was obtained using the same experimental protocol 
as that which allowed the isolation of the sgsl and 
sgs2 mutants (Elmayan et al . , Plant Cell 10:1747-1757, 
1998) . The starting line was the LI line. LI is a 

15 transgenic line obtained by transforming plants of the 
Columbia ecotype with the 23b construct (Elmayan and 
Vaucheret, Plant J. 9:787-797, 1996). The LI line 
comprises only a single transgenic locus. The 
glucuronidase activity in the LI line is 4000 mmol of 

2 0 4-methylumbellif erone per minute and per microgram of 
total proteins in the first days of development. This 
activity then decreases very rapidly to become less 
than 5 nmol of 4-methylumbellif erone per minute and per 
microgram of total proteins 11 days after germination. 

25 The inactivation of the expression of the 35S~uidA 

transgene is post- transcriptional , as demonstrated in 
the run-on experiments revealing strong transcription 
of the 35S-uidA transgene in the LI plants showing very 
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low GUS activity (Elmayan et al . , Plant Cell 10:1747- 
1757, 1998) . For producing mutant plants of the LI 
line, 3000 seeds of the LI line were soaked for 16 
hours in a solution of EMS (ethyl methanesulf onate) at 
5 0.4%. The seeds were then sown and the plants produced 
were cultivated under glass until self-fertilization 
seeds were produced. These seeds were again sown under 
glass and, in the plants produced, the GUS activity was 
measured 1 month after germination. The plants 

10 exhibiting high activity at this stage were crossed 

with plants of the Columbia ecotype (to verify that the 
transgenic locus remains sensitive to post- 
transcriptional inactivation) , backcrossed with the Ll 
line (to evaluate the state of recessiveness vs 

15 dominance of the mutations produced) and crossed with 
one another (to classify the various mutants produced 
into complementation groups, each group defining a 
gene) . 6 independent sg~s3 mutants were thus isolated. 
These 6 mutations are recessive. The GUS activity in 

2 0 these 6 mutant lines, one month after germination, is 

between 2500 and 3500 nmol of 4-methylumbellif erone per 
minute and per microgram of total proteins. The GUS 
activity in these mutant lines, 1 month after 
germination, is between 2500 and 3500 nmol of 4- 

2 5 methylumbellif erone per minute and per microgram of 
total proteins . In order to confirm that the sgs3 
mutations affect the expression of the 35S-GUS 
transgene at the transcriptional level, the GUS 
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activity, the mRNA accumulation and the transcription 
rate were measured by fluorimetric tests, by mRNA blot 
analysis and by "run-on" experiments. The GUS activity 
is multiplied by a factor of 3 00 in the sgs2 mutants 
5 compared to. the LI line, while the mRNA accumulation is 
multiplied by a factor of 250. The transcription rate 
is only multiplied by a factor of 2.6 compared to the 
LI line. In order to verify that the s.gs33 mutations 
protected against the post- transcriptional inactivation 
10 of a gene other than the uidA gene, one of the sgs3 
mutants (named sgs3-2) was crossed with the 2a3 line 
(Elmayan et al . , Plant Cell 10:1747-1757, 1998). The 
2a3 line is a transgenic Arabidopsis thallana line 
which results from the transformation of a plant of the 
15 Columbia ecotype with the 2a construct (Elmayan et al . , 
Plant Cell 10:1747-1757, 1998) containing the 
transcribed portion of the Arabidopsis NIA2 gene 
encoding nitrate reductase under the control of the 35S 
promoter and the hygromycin resistance gene hpt. All 
2 0 the plants of the 2a3 line which are homozygous for the 
2a construct exhibit ppst-transcriptional inactivation 
of the Nia2 genes (transgenic and endogenous), leading 
to chlorosis of the plant and then to its death. When 
the transgenic 2a3 locus is in the heterozygous state, 
2 5 only some of the plants undergo the post- 

transcriptional inactivation. The stage at which this 
inactivation occurs is variable from one plant to the 
• other. In some plants, the inactivation is sufficiently 
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late to allow the production of pollen and of seeds. 
The hybrid plants derived from the cross between the 
sgs3-2 mutant and the 2a3 line were cultivated under 
glass and the self^-f ertilization seeds were harvested. 
5 The seeds were sown under glass and the plants produced 
which exhibited no chlorosis were kept in order to 
harvest their self-fertilization seeds. We then sowed 
the various batches of seeds on an agar medium 
containing 20 mg/1 of hygromycin. Among these, some 
10 gave only plants which were resistant to hygromycin and 
showed no sign of chlorosis throughout their 
development. Among these lines of resistance to the 
post-transcriptional inactivation of the nitrate 
reductase genes, some were also homozygous for the 23b 
15 construct. We also showed that the plants of all these 
lines exhibited high GUS activity throughout their 
development. These results therefore show that the sgs3 
mutation not only protects against the post- 
transcriptional inactivation of the 35S-uidA transgene, 
2 0 but also of the NIA2 endogenous genes and transgenes . 
Some of these lines resistant to the post- 
transcriptional inactivation of the nitrate reductase 
genes and homozygous for the 2a3 locus no longer 
contained the 23b construct. These plants were named 
25 SGS3-2 2a3. 

In order to determine the biological role of 
the gene corresponding to the sgs3 mutations, sgs3-l 
mutants were inoculated with the cucumber mosaic virus 
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(CMV) strain I17F. On the wild- type plants, infection 
with this viral strain produces plants in which 
development is slower and modified: smaller leaves of 
the rosette, long but very flexible, floral scape, 
5 fertility decreased but not zero. In the sgs3-l 

mutants, infection with this viral strain produces an 
increased modification of development: the plants have 
a particularly bushy habit, the leaves of the rosette 
are small and tendrilled, the floral scape reaches, at 

10 the end of development, a size of about 5 cm, and the 
plants are completely sterile. These experiments 
therefore show that the gene corresponding to the sgs3 
mutations makes it possible to limit the negative 
effects on development caused by CMV virus infection. 

15 Two mutants, sgs3-l and sgs3-2, were crossed 

with plants of the Landsberg ecotype. From these hybrid 
(Fl) plants resulting from these crosses, the self- 
fertilization seeds were harvested. These seeds were 
sown in vitro on an agar medium containing 50 mg/1 of 

20 canamycin in order to select the plants (F2) containing 
the 23b transgene. These canamycin-resistant plants 
were planted out and cultivated under glass. The GUS 
activity in these plants was measured at various stages 
of their development. Only the plants exhibiting high 

25 GUS activity throughout development (and therefore 
homozygous for the sgs3 mutation) were kept and the 
self-fertilization seeds were harvested. 120 F2 lines 
homozygous for the sgs3-l mutation (F2-1 lines) and 90 
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F2 lines homozygous for the sgs3-2 mutation (F2-2 
lines) were thus produced. The self-fertilization seeds 
from each of these lines were sown under glass and, for 
each line, a pool of plants was harvested in order to 
5 extract the DNA therefrom. These DNAs were used to 
locate the sgs3 mutations on the Arabidopsis genome. 
The initial locating was carried out using the F2-1 
lines. The F2-2 lines then allowed us to verify that 
the sgs3-2 mutation was located in the same region of 
10 the genome as the sgs3~l mutation . These analyses show 
that the sgs3 mutations were located between the 13H2L 
and 3B3D molecular markers. The polymorphism 
corresponding to the 13H2L molecular marker was 
revealed by hybridization (of the Southern blot type) 
15 of the total DNA of Arabidopsis plants, digested with 
the Hindlll restriction enzyme, with a radioactive DNA 
fragment corresponding to the left end of the 13H2 
yeast artificial chromosome (YAC) (13H2L probe) . The 
polymorphism corresponding to the 3B3D molecular marker 
,20 was revealed by hybridization (of the Southern blot 

type) of the total DNA of Arabidopsis plants, digested 
with the Hindlll restriction enzyme, with a radioactive 
DNA fragment corresponding to the right end of the 3B3 
YAC (3B3 probe) . 
2 5 We were able to determine, by molecular 

hybridization of the Southern type, on a membrane onto 
which the DNA of a bacteria artificial chromosome 
library (BAC IGF) was transferred, with the radioactive 
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DNA fragment corresponding to the 13H2L and 3B3D 
probes, that these 2 DNA fragments hybridized on the 
same BAC : BAC F2 0I2 0. These results therefore show that 
the sgs3-l and sgs3-2 mutations affect a DNA sequence 
5 included in the BAC F20I20. 

DNA from the BAC F2 0I2 0 was then purified. It 
was partially digested with the Sau3AI restriction 
enzyme. The resulting DNA fragments were cloned at the 
BamHI site of the transfer DNA of the binary plasmid 

10 (allowing the transformation of plants via 

Agrobacterixim) pBin+ . The resulting plasmids were 
introduced into E . coli and then into the Agrobacterium 
tumefaciens strain C58pMP90. The resulting bacterial 
strains were used to transform plants of the sgs3-2 2a3 

15 lines. The bacterial strain 356 made it possible to 

produce 20 transgenic lines. Among these 20 lines, 19 
showed signs of chlorosis identical to those observed 
on the 2a3 line. On 3 of these plants, we were able to 
show, by hybridization of the northern type using the 

2 0 Arabidopsis thai i ana NIA2 gene as the probe, that this 
chlorosis resulted from the non-accumulation of the 
transcripts of the nitrate reductase genes (transgenic 
and endogenous) and was therefore due to the post- 
transcriptional inactivation of the nitrate reductase 

25 genes. Among these 19 plants, 2 gave self-fertilization 
seeds. The plants derived from these seeds, cultivated 
under glass, also showed signs of chlorosis. 
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The DNA sequence which was inserted at the 
BamHI site of the pBin+ plasmid and which had led to 
the isolation of the bacterial strain 356 was 
determined. Subclones of the 3 56 clone were produced in 
5 the pBin+ vector and the same sgs3-2 2a3 line was 

transformed with these subclones in order to determine 
those capable of restoring the function of the SGS3 
gene. The smallest subclone capable of restoring this 
function constitutes the SGS3 gene such as it is 

10 described in this patent. It was possible to predict 
the ORF of SGS3 by computer analysis. The sequence of 
the cDNA containing the ORF of the SGS3 gene, and 
therefore the position of the promoter, terminator and 
intronic sequences of SGS3 , were verified after having 

15 isolated and cloned this sequence. In order to isolate, 
we first performed a reverse- transcription reaction 
using Arabidopsis thaliana total RNA. We then performed 
a PCR reaction on this pool of cDNA using the pair of 
primers p3 5 6AD' (AAAATGAGTTCTAGGGCTGGTCC) and P3 56Y' 

2 0 (GTCTCAATCATCTTCATTGTGAAGGCC) . These primers are 

located at the 2 ends of the ORF of SGS3 . This PCR 
product was cloned and sequenced. 

Using the BLAST program, no significant 
homology could be found between the SGS3 sequence 

25 (nucleotide or amino acid) and any sequence present in 
the data bases. 



48 

Example 2 
Analysis of the sgrs3 mutants 
The sequence of the SGS3 gene was determined 
in 5 sgs3 mutants. A PCR reaction was carried out on 
5 the genomic DNA of these 5 mutants using the p3 5 6AD' 
and P356Y' primers (see Example 1). This reaction made 
it possible to amplify the entire SGS3 gene. The 
fragment amplified by this PCR reaction was sequenced. 
Five distinct point mutations were thus 
10 identified in the various sgs3 mutants. These mutations 
correspond to four stop codons and one amino acid 
change. The various mutations observed in the sgs3 
mutants are represented in Figure 1. The amino acid 
marked in bold indicates the position of the mutation 
15 in the SGS3 polypeptide. * indicates the presence of a 
stop codon and () indicates a new amino acid 
substituted for the amino acid marked in bold affected 
by the mutation. 



2 0 Example 3 

Construction of expression cassettes for the 
overexpression and inhibition of SGS3 
A PCR-type reaction is first carried out on 
Arabidopsis thai i ana. complementary DNA using, as 
25 primers, the following oligonucleotides: 
p3 5 6AD' : AAAATGAGTTCTAGGGCTGGTCC 
P3 5 6Y' : GTCTCAATCATCTTCATTGTGAAGGCC 



The nucleotide sequence thus obtained is then 
treated with the "klenow" enzyme in order to generate 
"blunt" ends at the ends of the amplified sequence. The 
sequence is then cloned between the 3 5S promoter and 
the terminator of the cauliflower mosaic virus, at the 
Smal site of the pRTlOO vector. 

For the overexpression of SGS3 , the clones 
are selected such that the sequence corresponding to 
p356AD' is located close to the 35S promoter. For the 
inhibition of SGS3 , the clones are selected such that 
the sequence corresponding to p356Y' is located close 
to the 3 5S promoter. This Assgs3 construct allows the 
expression of an ant i sense mRNA for the SGS3 mRNA. 

Example 4 
Transformation of plants 
The expression cassettes constructed as 
described above are then introduced into a binary 
vector so as to allow their introduction, via 
Agrohacterium tumefaciens into plants. The binary 
vector used is the pBIN+ plasmid (Van Engelen et al . , 
Transgenic Research 4, 288-290, 1995) . This is 
performed by digesting the constructs obtained above, 
with the SphI enzyme (which releases the expression 
cassettes), and ligating the product of this digestion 
to the pBIN+ plasmid digested with the SphI enzyme. 
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Example 5 

Inhibition of expression of the SGS3 plant gene with 

ant i sense sequences 
The complete cDNA of the SGS3 plant gene was 
5 cloned, in the antisense orientation (aSGS3), between 
the 35S promoter (p35S) and the 35S terminator (t35S) . 
The chimeric gene p35S-aSGS3-t35S was re-cloned into 
the pBiB-Hyg binary vector and then transferred into 
Agrobacterium tumefaciens. Plants of the LI line (p35S- 

10 GUS-tRbcS gene subjected to PTGS) were transformed by 
soaking in agrobacteria . The transformed plants were 
selected on medium supplemented with hygromycin. The 
GUS activity of the p35S-GUS- tRbcS transgene was 
measured in the nontrans formed LI plants, in 2 8 

15 hygromycin-resistant transf ormants and also in the sgs3 
mutants obtained by EMS mutagenesis of the LI line. The 
GUS activity in the nontrans formed LI plants is between 
0 and 10 nmol MU/min/|U,g of proteins, while the GUS 
activity in the sgs3 mutants is between 3 000 and 

20 5500 nmol MU/min/|Lig of proteins. 11 of the 28 

hygromycin-resistant transf ormants showed a GUS 
activity of between 3 0 00 and 55 00 nmol MU/min/^ig of 
proteins, showing that the SGS3 plant gene may be 
inhibited by the chimeric gene p35S-aSGS3-t35S , thus 

2 5 mimicking an sgs3 mutation. 
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Claims 

1. A polynucleotide, characterized in that 
it comprises a polynucleotide chosen from the following 

5 polynucleotides: 

a) the polynucleotide of SEQ ID No. 1, and 

b) the polynucleotide of SEQ ID No. 2. 

2. A polynucleotide, characterized in that 
it comprises a polynucleotide chosen from the following 

10 polynucleotides : 

a) a polynucleotide capable of selectively 
hybridizing to a polynucleotide as claimed in 
claim 1, and 

b) a polynucleotide at least 80% homologous to a 
15 polynucleotide as claimed in claim 1. 

3 . The polynucleotide as claimed in claim 
2, characterized in that it restores an sgs3 mutant of 
Arabidopsis thaliana . 

4. A polynucleotide, characterized in that 
2 0 it comprises the polynucleotide the sequence of which 

is between position 1 and position 695 of SEQ ID No. 1. 

5. A polynucleotide, characterized in that 
it comprises a polynucleotide chosen from the following 
polynucleotides : 

25 a) a polynucleotide capable of selectively 

hybridizing to a polynucleotide as claimed in 
claim 4, and 



b) a polynucleotide at least 80% homologous to a 
polynucleotide as claimed in claim 4. 

6. The polynucleotide as claimed in claim 
5, characterized in that it has promoter activity in 

5 plant cells and plants. 

7. A polypeptide, characterized in that it- 
comprises the polypeptide of SEQ ID No. 3. 

8. A polypeptide, characterized in that it 
comprises a polypeptide chosen from the following 

10 polypeptides: 

a) a biologically active fragment of the polypeptide 
of SEQ ID No. 3 ; and 

b) a polypeptide at least 80% homologous to the 
polypeptide of SEQ ID No. 3. 

15 9. The polypeptide as claimed in claim 8, 

characterized in that it restores an sgs3 mutant of 
Arabi dopsis thai i ana . 

10. A polynucleotide, characterized in that 
it comprises a polynucleotide encoding a polypeptide as 

20 claimed in one of claims 7-9. 

11. An expression cassette, characterized in 
that it comprises, in the direction of transcription: 

a) a promoter which is functional in a host organism; 
and 

25 b) a polynucleotide as claimed in one of claims 1-3 
and 10; and 

c) a sequence which is a terminator in said host 
organism. 
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12. An expression cassette/ characterized in 
that it comprises, in the direction of transcription: 

d) a promoter which is functional in a host organism; 
and 

5 e) a polynucleotide as claimed in one of claims 1-3 
and 10, in the antisense orientation; and ^ 
f) a sequence which is a terminator in said host 
organism. 

13. An expression cassette, characterized in 
10 that it comprises, in the direction of transcription: 

a) a polynucleotide as claimed in one of claims 4-6; 

b) a polynucleotide encoding a heterologous 
polypeptide ; 

c) a sequence which is a terminator in plant cells or 
15 plants. 

14. An expression vector or transformation 
vector, comprising a polynucleotide as claimed in one 
of claims 1-6 and 10 or an expression cassette as 
claimed in one of claims 11-13. 

20 15 . A process for transforming host 

organisms, in particular plant cells or plants, by 
integrating into said host organism at least one 
polynucleotide as claimed in one of claims 1-6 and 10 
and/or at least one expression cassette as claimed in 

25 one of claims 11-13 and/or at least one vector as 
claimed in claim 14. 



16. A process for expressing a heterologous 
gene in a plant, characterized in that it comprises the 
following steps: 

a) said plant is transformed with said heterologous 
gene; and 

b) the expression of a polynucleotide as claimed in 
one of claims 1-3 and 10 is inhibited in said 
plant . 

17. The process as claimed in claim 16, 
characterized in that step b) comprises transforming 
said plant with an expression cassette as claimed in 
claim 12 . 

18. A process for expressing a heterologous 
gene in a plant, characterized in that it comprises the 
following steps: 

b) said plant is transformed with said heterologous 
gene; 

c) the expression of a polynucleotide as claimed in 
one of claims 1-3 and 10 is inactivated in said 
plant . 

19. A transformed host organism comprising 
at least one polynucleotide as claimed in one of claims 
1-6 and 10 and/or of at least one expression cassette 
as claimed in one of claims 11-13 and/or of at least 
one vector as claimed in claim 14 . 

20. The host organism as claimed in claim 
19, characterized in that it comprises at least one 



heterologous gene encoding a peptide or a protein of 
interest . 

21. The host organism as claimed in either 
of claims 19 and 20, characterized in that the host 
organism is chosen from bacteria, yeasts, fungi, plant 
cells or plants. 

22. The host organism as claimed in claim 
21, characterized in that the plants are chosen from 
maize, wheat, barley, sorghum, rapeseed, soybean, rice, 
beetroot, tobacco and cotton. 
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<110> Beclin, Christophe 
Elmayan, Taline 
Vaucheret, Herve 



<12 0> NOVEL SGS3 PLANT GENE AND USES THEREOF 



<130> A34920-PCT-USA 072667.0179 

<140> 10/030, 829 
<141> 2002-01-11 

<150> PCT/FR/00/02052 
<151> 2000-01-26 

<150> FR 99/09,417 
<151> 1999-07-16 

<160> 5 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 3275 
<212> DNA 

<213> Arabidopsis thaliana 
<220> 

<221> primer_bind 
<222> (693) . . . (715) 
<223> p356AD' 

<221> primer_bind 
<222> (2926) . . . (2952) 
<223> P356Y' 



<400> 1 

gacaaacaaa 

ttaagttaag 

gaaaatttgg 

atttgtctct 

tctccggcgc 

cctccgatcg 

attgccctaa 

ttttatagtt 

ttcaccgttt 

ttgtttcata 

atgcgttgtt 

actgtgggtt 

ctaaggaaaa 

tggcagggac 

agaagaacaa 

atcctcctag 

gaaacaatgt 

gtcggggacg 

ctcgccctcc 

cagctgtgca 



caaaaattaa 
cgaaaaagga 
agtccagaat 
tcttcgtcag 
tttaaactta 
cctcaccgca 
tgttctcgat 
cttaggtaac 
agtcgctgat 
taaatcggat 
ggcttgttat 
tctttggtgg 
gaacgttcag 
gagactggct 
gaacaaacca 
agcttggggt 
atccgggaga 
agcgttgagc 
tttggaagga 
ggagtttcct 



gcaagtcatg 
aaaaaaaagg 
cggaaaaacg 
tttattttct 
cgttctccgt 
tgcattctgt 
ttcgaaggtt 
gatacctgcg 
cggagtattt 
tgatctacct 
aacttcacgt 
ctataggttg 
ggtggttata 
tcttcacaag 
ggaaacactt 
ggtcagcagc 
ggtaacggca 
agaaagtatg 
ggatggaatt 
gacgtggagg 



ttcgtagcaa 
tacaaaaatg 
aggccgtttt 
tcctccggag 
cgtttactct 
gctcgatttc 
tttgtgctat 
tcttactgtt 
gactgtgaaa 
tttgtgcttt 
tcatgtgtgg 
taaaaatgag 
ggcctgaggt 
atgatggagg 
ctggaaaaac 
aagggagagg 
atggtcgggg 
ataacaactt 
ggcaggcaag 
atgatgtgga 



taaattaata 
aaaacaaaat 
agagcttaat 
tcctgactca 
gtaagttttc 
tctttttctt 
gggttacttt 
tttgttcatt 
aatccttcgt 
gatgtttgtt 
attttgagat 
ttctagggct 
tgaacagttg 
agagtgggag 
ttgggtttct 
tagcaacgta 
cattcaagct 
tgtggcaccc 
aggaggttct 
taatgcttct 



gtgggaacaa 
caaactgaat 
aagcttcctc 
ctactctcac 
tgccttagag 
cgctggaaaa 
tttccctata 
ttgttgtgct 
tttttggttt 
ttttgagcct 
tttggtagtg 
ggtccaatgt 
gttcaaggtt 
gtcatttcca 
cagaattcga 
tctgggagag 
aacatatctg 
ccacctgtat 
gctcagcaca 
gaggaagaga 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 



atgattccga 
atgtgagtca 
gcagcttgga 
cagcttgtca 
atgcgaggac 
aaaaggatct 
ggaagggttt 
tcatgaatac 
ttctttaatt 
atgggcaacc 
tcctatggtc 
ggctatttgg 
gcctggggtc 
gcaacgaagc 
aatttgatat 
tgcatctgtt 
aaatcatacc 
ctgaactact 
tctctggaaa 
cagagaacta 
cacaaacttg 
aaaacctgtg 
cagatccatg 
cgtgccaagg 
cgaaagaggt 
agagtaactg 
atcgagtttc 
gatcaagaga 
gagaaagaat 
gatgattgag 
gtatgtcgga 
gattatagat 
gtgactaaaa 
ttagacatat 
agaattttat 



tgctttggat 
aaagagccat 
tagcttgtcg 
gaacggacct 
aaaaggagct 
acagatgaga 

gggtgaggat 

tagactggat 
tttctcttgc 
aagagctgct 
cacagggcca 
aggccgaacg 
agaagcgcag 
aagatctgga 
atgcttttag 
atgtatatat 
aagagatggt 
ttaagaacaa 
ttatgagcga 
agatgcagca 
acattttgta 
gtggtttgaa 
aaagaagaga 
ttgttggcca 
atatgtacta 
aattattccg 
aagagaaaga 
agaagatgga 
ttgatgaggc 
acaaaagtct 
aagtaggaga 
tattatcctc 
ccaagtttcc 
taccaaacgt 
atctacaaaa 



gattctgatg 
ggatcacgaa 
atcgagcaga 
ggtgccatcg 
aggcgagtta 
ggcgcatctg 
gaaaaggafct 
aaggacgata 
attctactga 
ggaatacttc 
tcgtgggatg 
cctccaccgg 
tatgttttct 
catattcaat 
ttttgtcatt 
ctatgattca 
tgtaaaggag 
gctctcaaaa 
gaagctgcgt 
tgaacagaac 
ttacctactg 
gatggatgca 
cgcaaaggag 
gcagcagcag 
actaacataa 
gttttgattc 
gatggaggag 
agacatgaag 
tttggaacag 
ggtacacaag 
tctgagagac 
caatttttag 
ttagtatttt 
cagagtgaat 
tatatgggta 



acgaccttgc 
agcagaataa 
taaatgaacc 
attggtataa 
agctccatag 
tcattccttg 
atgaaattgt 
acgataaggt 
tcttagaatg 
gacaagtatg 
agtgttctga 
gagttagctg 
ggaggtgttc 
caacactctc 
ggaatttaaa 
ttaggcaaaa 
ctgaggcaga 
cagaacaagc 
agaactgcag 
agggaagagg 
attcacattt 
cacgacaggt 
gagaatttcg 
aacattaatc 
tccctctggc 
ttfccgcagag 
tttgtggaag 
aagaggcatc 
ctcatgtaca 
acaagactaa 
tccatttaaa 
tagacggatc 
gttttttttt 
cacagaatgg 
caaat 



aagtgatgat 
gtggttcaaa 
acagaggcag 
cctgcaccct 
agaattggct 
tggtgagatt 
ctggcctcca 
ggaattcttc 
ttacattgta 
aggctcttag 
tgtttgagag 
agatggggtt 
gccaactgta 
aaggttctct 
gttttgttgg 
caaggctgaa 
tctctgagga 
acgccaaggt 
aggataatcg 
tatgattttt 
ttgattatat 
ttttcatgga 
agatgttgca 
cctctagcaa 
gtttttgttt 
ctgaggaagt 
agagggagat 
acgaggagat 
agcatggcct 
gtttctttgt 
tactaggaca 
taaggaagca 
ggtaaaattt 
caaatcaaaa 



tatgactcgg 
aagttctttg 
tggcattgtc 
ctactagctc 
gaagttttag 
tatgggcagt 
atggtcatca 
tgtcttttac 
gtggctcggc 
agcacgccat 
cagtgccact 
agatagaatt 
tggcttcctt 
cccccaaaga 
tccgtgttaa 
attcgagttg 
caatcagcag 
gcttgaggaa- 
gatcgtgaga 
cctagaaaat 
tgtccaacaa 
ttcaatcaaa 
gcagcaggaa 
tgacgattgc 
ttcaaaccta 
gtcaagcttc 
gctgataaaa 
atttgatctg 
tcacaatgaa 
tttgcttttg 
aatctaagga 
ttaagttctt 
catatgaaag 
tcatgttttt 



1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2 82 0 
2880 
2 94 0 
3000 
3060 
3120 
3180 
3240 
3275 



<210> 2 
<211> 1878 
<212> DNA 

<213> Arabidopsis thaliana 



<220> 
<221> CDS 
<222> (1) . . 



. (1878) 



<400> 2 

atgagttcta 

gaggttgaac 

ggaggagagt 

aaaacttggg 

agaggtagca 

cggggcattc 

aactttgtgg 

gcaagaggag 

gtggataatg 

cttgcaagtg 

aataagtggt 



gggctggtcc 
agttggttca 
gggaggtcat 
tttctcagaa 
acgtatctgg 
aagctaacat 
cacccccacc 
gttctgctca 
cttctgagga 
atgattatga 
tcaaaaagtt 



aatgtctaag 
aggtttggca 
ttccaagaag 
ttcgaatcct 
gagaggaaac 
atctggtcgg 
tgtatctcgc 
gcacacagct 
agagaatgat 
ctcggatgtg 
ctttggcagc 



gaaaagaacg 
gggacgagac 
aacaagaaca 
cctagagctt 
aatgtatccg 
ggacgagcgt 
cctcctttgg 
gtgcaggagt 
tccgatgctt 
agtcaaaaga 
ttggatagct 



ttcagggtgg 
tggcttcttc 
aaccaggaaa 
ggggtggtca 
ggagaggtaa 
tgagcagaaa 
aaggaggatg 
ttcctgacgt 
tggatgattc 
gccatggatc 
tgtcgatcga 



ttataggcct 60 
acaagatgat 120 
cacttctgga 180 
gcagcaaggg 240 
cggcaatggt 300 
gtatgataac 360 
gaattggcag 420 
ggaggatgat 4 80 
tgatgacgac 540 
acgaaagcag 600 
gcagataaat 660 



jjs o sis hi s E! m » ci : «4 :i s s .s 



gaaccacaga ggcagtggca ttgtccagct tgtcagaacg. gacctggtgc catcgattgg 72 0 
tataacctgc accctctact agctcatgcg aggacaaaag gagctaggcg agttaagctc 780 
catagagaat tggctgaagt tttagaaaag gatctacaga tgagaggcgc atctgtcatt 84 0 
ccttgtggtg agatttatgg gcagtggaag ggtttgggtg aggatgaaaa ggattatgaa 900 
attgtctggc ctccaatggt catcatcatg aatactagac tggataagga cgataacgat 960 
aagtggctcg gcatgggcaa ccaagagctg ctggaatact tcgacaagta tgaggctctt 1020 
agagcacgcc attcctatgg tccacagggc catcgtggga tgagtgttct gatgtttgag 1080 
agcagtgcca ctggctattt ggaggccgaa cgcctccacc gggagttagc tgagatgggg 1140 
ttagatagaa ttgcctgggg tcagaagcgc agtatgtttt ctggaggtgt tcgccaactg 12 00 
tatggcttcc ttgcaacgaa gcaagatctg gacatattca atcaacactc tcaaggcaaa 1260 
acaaggctga aattcgagtt gaaatcatac caagagatgg ttgtaaagga gctgaggcag 1320 
atctctgagg acaatcagca gctgaactac tttaagaaca agctctcaaa acagaacaag 13 80 
cacgccaagg tgcttgagga atctctggaa attatgagcg agaagctgcg tagaactgca 1440 
gaggataatc ggatcgtgag acagagaact aagatgcagc atgaacagaa cagggaagag 15 00 
atggatgcac acgacaggtt tttcatggat tcaatcaaac agatccatga aagaagagac 1560 
gcaaaggagg agaatttcga gatgttgcag cagcaggaac gtgccaaggt tgttggccag 1620 
cagcagcaga acattaatcc ctctagcaat gacgattgcc gaaagagagc tgaggaagtg 1680 
tcaagcttca tcgagtttca agagaaagag atggaggagt ttgtggaaga gagggagatg 1740 
ctgataaaag atcaagagaa gaagatggaa gacatgaaga agaggcatca cgaggagata 18 00 
tttgatctgg agaaagaatt tgatgaggct ttggaacagc tcatgtacaa gcatggcctt 1860 
cacaatgaag atgattga 1878 

<210> 3 
<211> 625 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 3 

Met Ser Ser Arg Ala Gly Pro Met Ser Lys Glu Lys Asn Val Gin Gly 

1 5 10 15 

Gly Tyr Arg Pro Glu Val Glu Gin Leu Val Gin Gly Leu Ala Gly Thr 

20 25 30 

Arg Leu Ala Ser Ser Gin Asp Asp Gly Gly Glu Trp Glu Val lie Ser 

35 40 45 

Lys Lys Asn Lys Asn Lys Pro Gly Asn Thr Ser Gly Lys Thr Trp Val 

50 55 60 

Ser Gin Asn Ser Asn Pro Pro Arg Ala Trp Gly Gly Gin Gin Gin Gly 
65 70 75 80 

Arg Gly Ser Asn Val Ser Gly Arg Gly Asn Asn Val Ser Gly Arg Gly 

85 90 95 

Asn Gly Asn Gly Arg Gly lie Gin Ala Asn lie Ser Gly Arg Gly Arg 

100 105 110 

Ala Leu Ser Arg Lys Tyr Asp Asn Asn Phe Val Ala Pro Pro Pro Val 

115 120 125 

Ser Arg Pro Pro Leu Glu Gly Gly Trp Asn Trp Gin Ala Arg Gly Gly 

130 , 135 140 

Ser Ala Gin His Thr Ala Val Gin Glu Phe Pro Asp Val Glu Asp Asp 
145 150 155 160 

Val Asp Asn Ala Ser Glu Glu Glu Asn Asp Ser Asp Ala Leu Asp Asp 

165 170 175 

Ser Asp Asp Asp Leu Ala Ser Asp Asp Tyr Asp Ser Asp Val Ser Gin 

180 185 190 

Lys Ser His Gly Ser Arg Lys Gin Asn Lys Trp Phe Lys Lys Phe Phe 

195 200 205 

Gly Ser Leu Asp Ser Leu Ser lie Glu Gin lie Asn Glu Pro Gin Arg 

210 215 220 

Gin Trp His Cys Pro Ala Cys Gin Asn Gly Pro Gly Ala lie Asp Trp 



225 

Tyr Asn Leu His 

Arg Val Lys Leu 
260 

Gin Met Arg Gly 
275 

Trp Lys Gly Leu 
290 

Pro Met Val lie 
305 

Lys Trp Leu Gly 

Tyr Glu Ala Leu 
340 

Gly Met Ser Val 
355 

Ala Glu Arg Leu 
370 

Ala Trp Gly Gin 
385 

Tyr Gly Phe Leu 

Ser Gin Gly Lys 
420 

Met Val Val Lys 
435 

Asn Tyr Phe Lys 
450 

Leu Glu Glu Ser 
465 

Glu Asp Asn Arg 

Asn Arg Glu Glu 
500 

Lys Gin lie His 
515 

Leu Gin Gin Gin 
530 

lie Asn Pro Ser 
545 

Ser Ser Phe lie 

Glu Arg Glu Met 
580 

Lys Lys Arg His 
595 

Glu Ala Leu Glu 
610 

Asp 
625 



230 

Pro Leu Leu Ala 
245 

His Arg Glu Leu 

Ala Ser Val lie 
280 

Gly Glu Asp Glu 
295 

lie Met Asn Thr 
310 

Met Gly Asn Gin 
325 

Arg Ala Arg His 

Leu Met Phe Glu 
360 

His Arg Glu Leu 
375 

Lys Arg Ser Met 
390 

Ala Thr Lys Gin 
405 

Thr Arg Leu Lys 

Glu Leu Arg Gin 
440 

Asn Lys Leu Ser 
455 

Leu Glu lie Met 
470 

lie Val Arg Gin 
485 

Met Asp Ala His 

Glu Arg Arg Asp 
520 

Glu Arg Ala Lys 
535 

Ser Asn Asp Asp 
550 

Glu Phe Gin Glu 
565 

Leu lie Lys Asp 

His Glu Glu lie 
600 

Gin Leu Met Tyr 
615 



235 

His Ala Arg Thr 
250 

Ala Glu Val Leu 
265 

Pro Cys Gly Glu 

Lys Asp Tyr Glu 
300 

Arg Leu Asp Lys 
315 

Glu Leu Leu Glu 
330 

Ser Tyr Gly Pro 
345 

Ser Ser Ala Thr 

Ala Glu Met Gly 
380 

Phe Ser Gly Gly 
395 

Asp Leu Asp lie 
410 

Phe Glu Leu Lys 
425 

lie Ser Glu Asp 

Lys Gin Asn Lys 
460 

Ser Glu Lys Leu 
475 

Arg Thr Lys Met 
490 

Asp Arg Phe Phe 
505 

Ala Lys Glu Glu 

Val Val Gly Gin 
540 

Cys Arg Lys Arg 
555 

Lys Glu Met Glu 
570 

Gin Glu Lys Lys 
585 

Phe Asp Leu Glu 

Lys His Gly Leu 
620 



240 

Lys Gly Ala Arg 
255 

Glu Lys Asp Leu 
270 

lie Tyr Gly Gin 
285 

lie Val Trp Pro 

Asp Asp Asn Asp 
320 

Tyr Phe Asp Lys 
335 

Gin Gly His Arg 
350 

Gly Tyr Leu Glu 
365 

Leu Asp Arg lie 

Val Arg Gin Leu 
400 

Phe Asn Gin His 
415 

Ser Tyr Gin Glu 
430 

Asn Gin Gin Leu 
445 

His Ala Lys Val 

Arg Arg Thr Ala 
480 

Gin His Glu Gin 
495 

Met Asp Ser lie 
510 

Asn Phe Glu Met 
525 

Gin Gin Gin Asn 

Ala Glu Glu Val 
560 

Glu Phe Val Glu 
575 

Met Glu Asp Met 
590 

Lys Glu Phe Asp 
605 

His Asn Glu Asp 




<220> 

<223> Oligonucleotide p356AD' 
<400> 4 

aaaatgagtt ctagggctgg tec 2 3 

<210> 5 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide p356Y' 



<400> 5 

gtctcaatca tcttcattgt gaaggee 



27 



<110> A VENT IS CROPSCIZNCE SA * 



<120> Novel SGS3 plant gene and use thereof 

<130> PK99040G1 

<140> 
<141> 

<150> FR 5909417 
<151> 1999-07-16 

<150> FR 0001006 
<151> 2000-01-26 

<160> 3 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 3275 
<212> DNA 

<213> Arabidopsis thaliana 
<220> 

<221> priroer_bind 
<222> (693) . . (715) 
<223> p356AD' 

<220> 

<221> primer_bind 

<222> Complement ( (2926) . . (2952) ) 

<223> p356Y' 

<400> 1 

gacaaacaaa caaaaattaa gcaagtcatg tticgtagcaa taaattaata gtgggaacaa 60 
rtaagttaag cgaaaaagga aaaaaaaagg tacaaaaatg aaaacaaaat caaactgaat 120 
aaaaatttgg agtccagaat cggaaaaacg aggccgtttt agagcttaat aagcttcctc 180 
attxgtctct tcttcgtcag tttatttxct tcctccggag tcctgactca ctactcccac 240 
tcrccggcgc tttaaactta cgttctccgt cgtttactct gtaagntttc tgccttagag 300 
cctccgatcg cctcaccgca tgcattetgt gctcgatttc tctttttctt cgctggaaaa 360 
attgccctaa tgttctegax ttcgaaggtt tttgtgctat gggrtacttt tttccctata 420 
ttttatagtt cttaggtaac gatacctgcg tcttactgtt tttgttcatt ttgttgtgct 480 
ttcaccgttT: agxcgctgat cggagtattt gactgtgaaa aatccttcgt tttttggttt, 540 
ttgrttcata taaatcggat tgatctacci trtgrgcttt gatgtttgtt ttttgagcct 600 
atgcgttgtt ggcrrgttat aacttcacgt tcatgtgtgg artttgagat tttggtagrg 660 
actgtgggtt tctttggtgg ctataggttg taaaaatgag ttctagggct ggtccaatgt 720 
ctaaggaaaa gaacgttcag ggtggttata ggcctgaggt tgaacagttg gttcaaggrt 780 
tggcagggac gagactggct tcttcacaag atgatggagg agagrgggag gtcatttcca 840 
agaagaacaa gaacaaacca ggaaacactt ctggaaaaac ttgggtttct cagaattcga 900 
aicctcctag agcttggggt ggtcagcagc aagggagagg tagcaacgta tctgggagag 960 
gaaacaatgt atccgggaga ggtaacggca atggtcgggg cattcaagct aacatatctg 1020 
gxcggggacg agcgttgagc agaaagtatg ataacaactt tgtggcaccc ccacctgtaf 1080 
ctcgccctcc tttggaagga ggatggaatt ggcaggcaag aggaggttct gctcagcaca 1140 
cagctgtgca ggagtttcct gacgtggagg atgatgtgga taatgcttct gaggaagaga 1200 
atgatuccga tgctttggat gattctgatg acgaecttgc aagtgatgat tatgactcgg 1260 
argrgagtca aaagagccat ggatcacgaa agcagaataa gtggttcaaa aagttctxrg 1320 
gcagctrgga tagcttgtcg atcgagcaga taaatgaacc acagaggcag tggcattgzc 1380 
cagcrtgtca gaacggacct ggtgccatcg attggtataa cctgcaccct ctactagcrc 1440 
atgcgaggac aaaaggagct aggcgagtia agctccatag agaattggct gaagttttag 1500 
aaaaggatct acagatgaga ggcgcatctg tcattccttg tggtgagatt tatgggcagt 1560 



57 



ggaagggtrt gggt gaggar caaaaggaci azgaaaitgi ctggcctcca atggtcatca 1620 
tcsigaatac tagactggar aaggacgats acgataaggt ccaattcttc tgtctrrtac 1680 
rtctttaatr rttctcttgc artctactga tciiagaatg rtacattgta gtggctcggc 1740 
argggcaacc aagagctgct ggaatacrtc cacaactatg aggctcttag agcacgccat 1800 
tcctatggtc cacagggcca ~cgtgggatc agtgttctga tgtttgagag cagtgccact 1860 
ggctatttgg aggccgaacg cctccacegg gagttagctg agatggggtt agatagaart 1920 
gcctggggtc agaagcgcag tatgttttct ggaggtgttc gccaactgta tggcttcctt 1980 
gcaaccaagc aagatctgga cataitcaat caacactcic aaggttctct cccccaaaga 2040 
aatttgata- atgcttttag ttttgtcatt ggaatttaaa gttttgttgg tccgtgttaa 2100 
tgcarctgtt atgtatatat ciatgattca ttaggcaaaa caaggcigaa attcgagttg 2160 
saatcatac: aagagatggt tgtaaaggag ctgaggcaga tctctgagga caatcagcag 2220 
ctgaacract ttaagaacaa gccctcaaaa cagaacaagc acgccaaggt gcttgaggaa 2280 
tctciggaaa ttatgagcga gaagctgcgt agaactgcag aggataatcg gatcgtgaga 2340 
cagagaacta agatgcagca tgaacagaac agggaagagg tatgattttt cctagaaaat 2400 
cacaaacttg acattttgta ttacctactg attcacattt ttgattatat tgtccaacaa 2460 
aaaacctgtg gtggtttgaa gatggatgca cacgacaggt ttttcatgga ttcaatcaaa 2520 
cagatccatg aaagaagaga cgcaaaggag gagaatttcg agatgttgca gcagcaggaa 2580 
cgtgccaagg ttgttggcca gcagcagcag aacattaatc cctctagcaa tgacgattgc 2640 
cgaaagaggt atatgtacta actaacataa tccctctggc gtttttgttt ttcaaaccta 2700 
agagtaaetg aattattccg gttttgattc tttcgcagag ctgaggaagt gtcaagcrtc 2760 
atcgagtttc aagagaaaga gatggaggag tttgtggaag agagggagat gctgataaaa 2820 
gaicaagaga agaagatgga sgacatgaag aagaggcatc acgaggagat atttgatctg 2880 
gagaaagaat ttgatgaggc tttggaacag c:cargtaca agcatggcct tcacaatgaa 2940 
gargattgag acaaaagtct ggtacacaag acaagactaa gtttctttgt tttgcttttg 3000 
gtatgtcgga aagtaggaga tctgagagac tccattraaa tactaggaca aatctaagga 3060 
gattatagat tattatcctc caatttttag tagacggarc taaggaagca ttaagttctt 3120 
gtgactaaaa ccaagtttcc ttagtatrtt gttttttttt ggtaaaattt catatgaaag 3180 
ttagacatat taccaaacgt cagagtgaat cacagaatgg caaatcaaaa tcatgttttt 3240 
agaattttat atctacaaaa tatatgggta caaat 3275 



<210> 2 
<211> 1878 
<212> DNA 

<213> Arabxdopsis thaliana 

<220> 

<221> CDS 

<222> (1) . , (1878) 



<400> 2 

atg agt ZcZ agg get ggt cca atg 
Met Ser Ser Arg Ala Gly Pro Met 

1 -5 

ggt tat agg cct gag gtt gaa cag 
Gly Tyr Arg Pro Glu Val Glu Gin 
20 

aga ctg get tct tea caa gat gat 
Arg Leu Ala Ser Ser Gin Asp Asp 
35 40 



tct aag gaa aag aac gtt cag ggt 4 8 
Ser Lys Glu Lys Asn Val Gin Gly 
10 15 

ttg gtt caa ggt ttg gca ggg acg 96 
Leu Val Gin Gly Leu Ala Gly Thr 
25 30 

gga gga gag tgg gag gtc att tec 144 
Gly Gly Glu Trp Glu Val lie Ser 
45 



aag aag aac aag aac aaa cca gga aac act tct gga aaa act tgg gtt 192 

Lys Lys Asn Lys Asn Lys Pro Gly Asn Thr Ser Gly Lys Thr Trp Val 

50 55 60 

tct cag aat teg aat cct cct aga get " tgg ggt ggt cag cag caa ggg 240 

Ser Gin Asn Ser Asn Pro Pro Arg Ala Trp Gly Gly Gin Gin Gin Gly 

£5 70 75 80 



aga ggt age aac gta tct ggg aga gga aac aat gta tec ggg aga ggt 
Arg Gly Ser Asn Val Ser Gly Arg Gly Asn Asn Val Ser Gly Arg Gly 



288 



58 

B5 90 95 

aac gee cat got egg ggc art: caa get aac.ata tct cat egg gga cga 336 

Asn Gly Asn Gly Arg Gly lie Gin Ala Asn lie Ser Gly Arg Gly Arg 

100 105 110 

gcg ttg age aga aag tat gat .aac aac ttt gtg gca cec cea ect gta 384 

Ala Leu Ser Arg Lys Tyr Asp Asn Asn Phe Val Ala Pro Pro Pro Val 

115 120 125 

tct cge ect ect ttg gaa gga gga tgg aat tgg cag cea aga gga ggt 432 

Ser Arc Pro Pro Leu Glu Gly Gly Trp Asn Trp Gin Ala Arg Gly Gly 

130 135 " 140 

tct get cag cac aca get gtg cag gag ttt ect gac gtg gag gat gat 4 80 

Ser Ala Gin His Thr Ala Val Gin Glu Phe Pro Asp Val Glu Asp Asp 

145 150 155 160 

gtg_ gat aat get tct gag gaa gag aat gat tec gat get ttg gat gat 528 

Val~A5D Asn Ala Ser Glu Glu Glu Asn Asp Ser Asp Ala Leu Asp Asp 
165 170 175 

tct gat gac gac ctt gca agt gat gat "tat gae teg eat gtg agt caa 576 

Ser Asp Asp Asp Leu Ala Ser Asp Asp Tyr Asp Ser .Asp Val Ser Gin 

180 185 190 

aag age cat gga tea cga aag cag aat aag tgg ttc'aaa aag ttc ttt 624 

Lys Ser Kis Gly Ser Arg Lys Gin Asn Lys Trp Phe Lys Lys Phe Phe 

195 200 205 

ggc age ttg gat age ttg teg ate gag cag ata aat gaa cea cag agg 672 

Gly Ser Leu Asp Ser Leu Ser He Glu Gin He Asn Glu Pro Gin Arg 

210 215 220 

cag tgg cat tgt cea get tgt cag aac gga ect ggt gee ate gat tgg 720 

Gin Trp His Cys Pro Ala Cys Gin Asn Gly Pro Gly Ala He Asp Trp 

225 230 235 240 

tat aac etg cac ect eta eta get cat gcg agg aca aaa gga get agg 768 

Tyr Asn Leu His Pro Leu Leu Ala His Ala Arg Thr Lys Gly Ala Arg 
245 250 255 

cga gtt aag etc cat aga gaa ttg get gaa gtt tta caa aag gat eta' 816 

Arg Val Lys Leu His Arg Glu Leu Ala Glu Val Leu Glu Lys Asp Leu 

260 265 270 

cag atg aga ggc gca tct gtc att ect tgt ggt gag att tat ggg cag 864 

Gin Met Arg Gly Ala Ser Val He Pro Cys Gly Glu lie Tyr Gly Gin 

275 280 285 

tgg aag ggt ttg ggt gag gat gaa aag gat tat gaa att gtc tgg ect 912 

Trp Lys Gly Leu Gly Glu Asp Glu Lys Asp Tyr Glu lie Val Trp Pro 

290 295 300 

cea atg gtc ate ate atg aat act aga etg gat aag gac gat aac gat 960 

Pro Met Val He He Met Asn Thr Arg Leu Asp Lys Asp Asp Asn Asp 

305 310 315 320 

aag tgg etc ggc atg ggc aac caa gag etg etg gaa tac ttc gac aag 1008 

Lys Trc Leu Gly Met Gly Asn Gin Glu Leu Leu Glu Tyr Phe Asp Lys 
325 " 330 335 

tat gag get ctt aga gca cge cat tec tat ggt cea cag ggc cat cgt 1056 



59 

7yr Glu Ala Leu Arg Ala Arc His Ser Tyr Gly Pro Gin Giy His Arc 
340 345 350 

egg ate agt ctt etc ate :tt gag age agt gee aet gee tat ttg gag 1104 
Gly Met Ser Val Leu Met ?he Glu Ser Ser Ala Thr Gly Tvr Leu Glu 
355 360 365 

gee gaa cgc etc cac egg gag tta get gag atg egg tta gat aga att" 1152 
Ala Glu Arg Leu His Arg Glu Leu Ala Glu Met Gly Leu Ast> Arc lie 
• 370 375 380 

gec tgg ggt cag aag cgc agt atg ttt tct gga ggt gtt cgc caa ctg 1200 
Ala Trp Gly Gin Lys Arg Ser Met Phe Ser Gly Gly Val Arg Gin Leu 
385 390 395 ' 400 

tat ggc ttc ctt gca acg aag caa cat ctg gac ata ttc aat caa cac 1248 
Tyr Gly Phe Leu Ala Thr Lys Gin Asp Leu Asp lie Phe Asn Gin His 
405 410 415 

tctf caa ggc aaa aca agg ctg aaa ttc gag ttg aaa. tea tac caa gag 1296 
Ser Gin Gly Lys Thr Arg Leu Lys Phe Glu Leu Lys Ser Tyr Gin Glu 
420 425 430 

atg gtt gt a aag gag ctg agg cag ate tet gag gac aat cag cag etc 1344 
Met Val Val Lys Glu Leu Arg Gin lie Ser Glu Asp Asn Gin Gin Leu 
435 440 445 

aac tac ttt aag aac aag etc tea aaa cag aac aag cac gee aag gtg 1392 
Asn Tyr Phe Lys Asn Lys Leu Ser Lys Gin Asn Lys His Ala Lys Val 
450 455 460 

ctt gag gaa tct ctg gaa att atg age gag aag ctg cgt aga act gca 1440 
Leu Glu Glu Ser Leu Glu He Met Ser Glu Lys Leu Arg Arg Thr Ala 
465 470 475 480 

gag gat aat egg ate ctg aga cag aga act aag atg cag cat gaa cag 1488 
Glu Asp Asn Arg He Val Arg Gin Arg Thr Lys Met Gin His Glu Gin 
485 490 495 

aac agg gaa gag atg gat gca cac gac agg ttt ttc atg gat tea ate 1536 
Asn Arg Glu Glu Met Asp Ala His A.sp Arg Phe Phe Met Asr> Ser lie 
500 505 510 

aaa cag ate cat gaa aga aga gac gca aag gag gag aat ttc gag atg 1584 
Lys Gin lie His Glu Arg Arg Asp Ala Lys Glu Glu Asn Phe Glu Met 
515 520 525 

ttg cag cag cag gaa cgt gec aag gtt gtt ggc cag cag cag cag aac 1632 
Leu Gin Gin Gin Glu Arg Ala Lys Val Val Gly Gin Gin Gin Gin Asn 
530 535 540 

att aat ccc tct age aat gac gat tgc cga aag aga get gag gaa gtg 1680 
He Asn Pro Ser Ser Asn Asp Asp Cys Arg Lys Arg Ala Glu Glu Val 
545 550 555 560 

tea age ttc ate gag ttt caa gag aaa gag atg gag gag ttt gtg gaa 1726 
Ser Ser Phe He Glu Phe Gin Glu Lys Glu Met Glu Glu Phe Val Glu 
565 570 575 

gag agg gag atg ctg ata aaa gat caa gag aag aag atg gaa gac atg 1776 
Glu Arg Glu Met Leu He Lys Asp Gin Glu Lys Lys Met Glu Asp Met 
580 585 590 
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aag aac agg car cac gag gag eta i~ » gar erg gag aaa gaa ttt gar 1824 
Lys Lys Arc His His Glu Glu lie Phe Asp Leu Giu Lys Glu Phe Asp 
595 600 605 



gag get rrg gaa cag crc arg rac aac car ggc crt cac aat gaa gat 
Glu Ala Leu Glu Gin Leu Met Tyr Lys His Gly Leu His Asn Glu Asp 
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